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INTRODUCTION 


This vaver is one of a series being vrevared by the United States 
Bureau of ifines on’ mining methods, vractices, and costs in the various mining 
districts of the United States. The mining methods described are those used 
in tne mines of the Cananea Consolidated Copver Co., a Mexican corporation 
whose holding company in the United States is the hcaaas Cananea Conver Co. 


Toe mines are at cananea, aonane: aside. 25 miles directly ‘south 
of the international boundary, approximately in 31° north latitude and 110 to 
130° west longitude. Cananea is connected with the boundary towns of Naco and 
‘Nogales, Ariz., bva standard-gage railroad. 


The population of the Cananea district is anvroximately 15,900, The 
mines emmloy about 1,300 men underground and 300 on the surface, while the 
concentrator and smelter employ about 900 more. The current production of the 
three producing mines, the Colorado, Capote, and Veta Grande, is about 2,500 
tons of ore ver day, working on two 8-hour shifts. 


From the beginning of onerations by the present company in 1901 to 
the end of 1928, a total of 20,059,229 wet tons of ore has been mined, with a 
metal »roduction of 1,032,147,402 pounds of copper, 22,754,575 ounces of silver, 
and 144,303 ounces of gold. | | 
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of ‘fines Information Circular 6247," 
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Little is known of the early Sranish workings. Francisco Velasco, 
writing of Sonora about 1845, states that the mines were worked before the 
eighteenth century by the House of Guea, and later by Jose Perez of Arizne, 
the cavital of the district. Finally, it is said that in 1865 General Ignacio 
Pesquiera, witn an escort of 5CO soldiers, establisned a cem at Ronquillo, 
where the present smelter is, and erected a small smelting vlant at the »vlace 
now known as Cananea Vieja. Mining and smelting were carried on in a desultory 
way for about 15 years. About 1881 a Cleveland conoany built a smelter at the 
foot of the hills some 10 miles west of the mines at Cajoncito. Ore averaging 
290 ver cent conper and 15 ounces of silver was sinelted and overations carried 
on for about two years. The smelter was then mowed to Puerticitos, but was 
abandoned after another year. 


The vroperties around Cobre Grande at the southeast end of tne 
Cananea Mountains were bonded to Charles Benham of Yew York, up to 1686, and 
later to Major Morton in the interest of F. Augustus Heinze. After ta’cing out 
about $110,000 in copper matte, this bond was given w because of the death © 
of Major Morton, - | a 7 7 


Colonel W. C. Greene tien secured control of vractically all tne 
mining proverties in the Cananea district. Failinz to obtain private cavital 
to devel ono them, he organized the Cananea Consolidated Copper Co., Mexican | 
corporation, and later floated the stock of the Greene Consolidated Con er CO, 
the holding commany, on the New York stock marxet. ‘This subsequently vas - 
merged with the Greene Cananea Goppce Co. 

The first smelting furnace was ‘blown in clay, 1899; : ‘the first concen- 
trator was built’ in 1901, and the narrow—gage railroad connecting this vlant 
with the’ severel mines of the district was completed in 1902. : | 


; ., The great Capote ore body was struciz in May, 1900, and the Oversizht 
in December of the same year. The Veta Grande and Chivatera 6re bodies, also 
lying within the Capote’ tasin, were opened at later dates, ‘as were a nunber of 
outside mines, such as the Candnea-Duluth; the American, Kirk, Cobre Grande, — 
Sierra de Cobre, Flisa, Henrietta, and Puerticitos. In 1926 the Colorado ore 
body was discovered, 


_ Figure 1 is a map of the district. 
GEOLOGY 


The rocks of the central nart of the Cananea district are largely 
of imneous oricin, The oldest rocks, however, are limestone and quartzite, 
orobabl:-7 of Paleozoic age, of considerable thickness but small ‘areal extent. ~ 
These are overlaid by thicl:, undifferentiated volcanics. Poth sedimentaries 
and volcénics are intimately intruded by &cid and eeeze Hone OMe rocks, from . 
which the ore denosits. have. been derived. 


3 - inmons, S. F., Cananea Mining District, Sonora, Mexico. Economic Geolory,. 
vol. 5, No. 4, June, 1910. 
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FIGURE 2.— VARIATION OF VALUES AND ANALYSIS OF COLORADA 
ORE WITH COPPER CONTENT (BASED ON TOTAL RECEIPTS TO DATE: 
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The ore bodies are of various tynes, often difficult to classify, 
ranging from distinctly high temverature to-intermedfate temperature devosits 
in limestone, quartzite, tuff, granite, and vorvhyry. Ores in garnetized 
limestone have been of great imoortance in the vast, though none is now being 
mined; they were chiefly primary ores, though of unusually high grade, and 
were very svotty and irregular in occurrence. Occasionally shallow enrichment 
produced small but very rich deposits. The ore shoots were steev-dinvins, 
with irregular and often indefinite walls. Stope boundaries were generally 
assay walls’ the wall rock was not uniform, and though hard, was ‘often seamed 
with slivs and joints which made mining difficult. . 


The ores of the Capote and Veta arenas mines are of the ‘nveraedinte 
temperature type. In this case secondary enrichment has played an imortant 
part in the formation of economic ore. the ore bodies are of irregular out- 
line and have no well-defined structural control. They lie 50 to 500 feet 
below the surface in altered and’hichly—fractured ground which caves readily. 
The primary sulphide minerals are pyrite, with a small admixture of chalcony- 
rite and in places of considerable amounts of-zince blende. Secondary enrich- 
ment is resvonsible for large shoots and chinineys of ‘chalcocite ore. With 
depth, particularly in the Capote aa peters & charcect ye and bornite are 
important ore minerals. < — 

The desper ‘primary ores occur as vertical Sines like desea tiie. The | 
upper levels of the Colorado pipe are characterized by a ring of ore surround- 
ing a waste core. This ore ring converges until on the bottom levels the 
waste core “disappears and the pive becomes a solid elliptical ore area. The 
mineralization follows ‘well-defined zones of brecéiation which have avproxi-~ 
mately circular or elliptical outlinés. However, the stope boundaries.are - 
always determined by’ sampling, ° as the coppér minerals extend outward from the 
‘main ore body ‘as’ a network of small veinlets and make lowgrade ore of the 
wall rock adjacent to the pipe.” ‘Careful ‘stope sampling: is: therefore necessary. 
The ore minerals of these “deposits are chalcocite,’ ‘bornite, chalcopyrite, ten- 
nantite, and tetradherite. | In the Colorada, molybdenite’ is: abundant and at 
another similar deposit, the Cananea—Duliith, both sohalerite and galena are 
common, Quartz is the principal gangue mineral, Rec 2 shows the composi- 
tion of varying grades: of Colorada ore.” . see 


PROSPECTING | AND ) EXPLORATI ON - 


Prospecting and exploration at first consisted of sinking shafts or 
driving tunnels on mineralized outcrops or in the. vicinity of-the vrominent 
iron-stained gossans which were considered indications of secondary enrich- 
ments below. Later, and continuing | to the present time, a great deal of 
drilling has been done in the disttict. “Prospe¢t drilling of new areas from 
the surface has been’ done ‘by ‘churn drills> diamond drilling has been carried 
on underground, , generally in exploring or Sevelebine lmown Ore. 


"Churn Dritting © 


a ; 
| A considerable amount of churn arithing | was done along the south- 

westerly ‘extension of the: Ricketts fault in an ‘attempt to find a lateral ex- 

tension of the Oversight ore. The Colorada and:Sonora Hill areas were churn- 
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drilled on coordinates in a systematic exnloration campaign, Holes were drilled 
on the corners of 200-foot squares. At first, when interest was concentrated 
chiefly on »ossible secondary ores, holes were drilled to devths of only S00 

to 500 feet. Later, unon discoverinz the existence of the rich primary ores, 
many holes vere drilled to denths of 800° to 1,600 feet. 


Tie holes did not need to be cased, excevt a few in soft ground, as 
in the Oversight area. The holes were samled at 5-foot intervals, all the 
way fron the surface. All the sludge was run throuvh a snlitter, saving a 1/4- 
part samle. This samle was dried, without settling or decanting, over a fire, 
end the sam-le assayed for total conver. Comoosite saimles of 40 or 50 foot 
lengths tere assaved for gold and silver. <A zeolozist inspected the sludce and 
noted the !:ind and character of rock being drilled through. 


Diamond Drill ing 


Dianaond drilling has not been used in the nast for primary surface 
prospecting. At the Blisa mine several holes were drilled to deternine tne 
geologic structure of an unvrospected area. At the Capote vertical and in- 
clined down holes vere drilled from the bottom level to test the extent of the 
primary ore. In the Colorada mine a body of low-grade ore was develoved by 
horizontal holes laid out on regular coordinates on two levels. 


The bit used in diamond drilling gives a 1-1/2-inch hole and a 13/16- 
inch core. iio casing has been used in the diamond—dzill holes. Occasionally 
a hole is grouted to prevent loss of water. The sludge is run through a 
riffle-tyoe sammle-svlitter which takes a one-eighth svlit. The sample is put 
in a comressed—-air sammle drier or filter, which removes most of the water. 
This filter was adopted after trying tubs and settling launders, which, it was 
thought, caused errors by losses during decanting or by concentration of the 
copper minerals in the baffles of the lauders. The filter has the advantage 
of being sturdy and comact, and is easily and quickly overated. Since it 
may not hold all the sludge and water of the sylit samle from a given length 
of hole, it may be necessary to blow out the water two or three times to get 
& complete samle. Heavy canvas is used for the filtering element; the water 
comes through vractically clear. The dried sammoles are weighed and assayed 
for total conner by the permanganate method. 


The core is not removed at regular intervals, but is taken out when- 
ever the core barrel is fu'l or the rods are oulled for any other reason. 
Hach section of core removed is handled as a unit. The vercentage of the core 
recovered is noted each time any is removed from the hole. ‘The core is care- 
fully insvected every day by a geologist, and notes are taken for »ermanent 
record. A small niece of core is tatzen for a nermanent samole and the remainder 
is sent to the assay office where it is ground, weighed, and assayed for total 
covuver by the yermanzanate method. If gold and silver assays are desired, 
they may be run on composite samoles of the entire hole or certain portions 
of it, or on individual cores. Chief reliance for ‘snowledge of the value of 
the ground drilled is placed woon the core assays; the sludge serves as a checix. 
If a combined valye is desired, it may be calculated either according to rela— 
os weights of core and sludge or according to percentage recoveries and . 
volumes. | 
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Core recoveries vary greatly in the district. In the Colorada mine 
recoveries have ranged from 40 to 95 ver cent, averaging 75 per cent; in the’ 
Elisa mine, in hard limestone, recoveries averaged more than that figure, while 
in the soft Canote ground they were generally under 50 ver cent, 


"Long-Hole" Drilling 


A great many prospect holes have Neen drilled in the Elisa and 
Colorada mines with a heavy drifter-—tyne machine. . Its principal aoplication 
has been the delimiting of ore bodies, serving the vurpose of crosscuts through 
the veins, thus assisting in the laying out of development work, The holes 


have all been flat and have verve in length from 35 to 125 feet, averaging 
Se feet. 


The drill is similar to a arifter. exceovt that it has a swiveled 
water connection ahead of the drill chuck, A 1-1/2-inch shank back of the 
swivel fits the machine chuck; the front. end of the swivel receives the threaded 
shank of the 1-1/4-inch drill steel. - The shank of the swivel connection is 
retempered after each hole. Mine water is always available under sufficient 
head and no pump is uSed. The drill is set on a cross arm between tvo columns, 
One and one-quarter inch hollow-round steel is used in 6-foot lengths with a 
few 3-foot lengths for making changes. “The steel is connected by sleeve joints. 
The bits are formed on 3-foot lengths of steel; the starter bit is 3 inches in 
diameter and the succeeding bits decrease in size by one-sixteenth inch. ‘he 
sludge is all saved, settled in tubs, and the water decanted. ‘The drill crew 
consists of two men. ‘fwelve holes, totaling 1,180 feet, were drilled in 64 
shifts, including the time eee move and set up, or an average of 18-1/2 
feet ver shift. iiot 


4 


SAMPLING AND ESTIMATION 


Drifts and crosscuts are nick-sampled at 5-foot intervals when in 
waste. Wher there is doubt whether it is waste or low-grade ore, channel 
samples are teken. These are cut horizontally, sometimes with a moil and 
hammer, but usually with a compressed-air chipning hammer. Grab or vick sam- 
ples are taken from the face only for current information. Pick samoles for 
permanent records are taken from the raises. Sammles for control of stoning 
are taken by @ crew which works on a special shift, overlanping both day and 
night shifts. Assay results from these samples are painted on the timber or 
the rock wall of the stope on the ‘day. following the taking of the samole. This 
prevents mining waste or leaving good ore, as it is often impossible, esvecial- 
ly in the Colorada, ‘to distinguish between ore and waste. When stopes are 
finished-or before fill is run into a mined—out floor, another crew taken vicl 
samples along the walls se ‘permanent record on the assay maps. 


: ‘Mined ore is wanes Berowe. petne dumped into pockets or bins at the 
- shaft. At the Cavote, for example, a grab sammle is taken from each car as it 
reaches the shaft station. At: the Colorada, motor cars of ore are sam>led be- 
fore being dumped into the pockets at the shaft. The l-ton cars hoisted in 
cages to the 450 level are samled there. Small pieces of wood are marked 
with the stope numbers aero on as cars before pas are caged to show the 
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source of the ore. The car samoles, as well as the pick and channel sam les 
from stones and development work, are sent each day to the sample mill at the 
Capote mine. There they are crushed, dried, ground, and split, and tne result-— 
ing small sammles are sent to the assay office at. Ronquillo. All mine samoles 
are assayed by the permanganate method. By means of the methods of samoling 

in use, the number of cars and the tonnage and grade »vroduced by each stove 
and by the mine is known for each day. These figures check the returns from 
the mill and smelter sample plants closely enough for nurpdoses of control of 
production. 


Methods of estimating reserves vary according to the data available. 
In the caving blocks the ore outline is laid out on the assay map of the level 
or the undercut floor to include all ore possible that runs above shinning 
grade and exclude any that is under. All assays within the ore outline are 
then averaged to give an average grade; tne area is computed or measured. Pro- 
ducts of areas by grades on the level in question and the one above are then 
combined to give an average area and grade, and multiplied by the height bo 
give cubic feet. 


Information gathered from all previous stoping or develovment assays 
was used in making estimates of ore in blocks laid out for cut-and-fill or 
other methods. Either vertical or horizontal end areas may be calculated. 
For the initial stopes on a level, drifts and crosscuts are usually the only 
sources of information available. Allowance must be made for the position of 
the drifts, if the ore is in the shape of a vein with a high-grade core and 
low-grade walls. High assays may ‘or may not be scaled down, devending won. 
the nature of the ore. Pillars can be estimated with considerable accuracy, 
as usually there are assays on both sidesand at every floor. 


The conversion of cubic feet to tons was formerly calculated so as to 
allow for sorting. In the Capote, for example, 15 cubic feet ver ton was at one 
time the factor used. Figure 3 is a chart which shows the relation between 
grade and cubic feet per ton of Colorada ore and which is used in making con 
versions from cubic feet to tons. | 


METHODS OF DEVELOPMENT AND «INING © 


Develonment 
General Develonment. = Because ‘of the hilly nature. ‘of the country, 


the mines of this district usually have been develoved by both shafts and 
tunnels. The Veta Grande is worked through a vertical shaft and a tunnel, 
and has underground connection with other mines. The Cavote is at present 
operated through a 5-compartment vertical shaft, with underground connections 
to the 2lisa and other mines. A former operating shaft and adits on the upper 
levels of the Capote are now abandoned, or serve only for ventilation. The 
Colorada is onened by a vertical shaft from the surface, with two adits on 
the 500 level (see fig. 4). On this level ore is hauled from the shaft. to 
the railroad ore bins, waste for fill and mine timber and supplies are talzen 
in, and the men travel from change house to shaft. Main tunnels or adits are 
generally driven 8 by 8 feet in the cloar, and drifts in which tramming is 
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done by hand are 6 by 8 feet. All shafts, with the excertion of the Veta, 
which has 4 by 4-1/2 foot compartments, have hoisting. comartments 4 by 5 feet 


in the clear, tee ee | SR 


The opening of the Colorada. ore body for production required about 


two years of intensive work. The following account of this work will illustrate 
the general methods. of development: oie eur  e 


| In July, 1926, a drift was started from the Kirk mine, 6n what is 
now the 500 level of the Colorada. A month later the Colorada shaft was started. 
From the surface to the 300 level the shaft was three-compartment, timbered 
with 8 by 8 inch timber. Below. this point 10 by 10 inch timber was used. At 
the 450 level a fourth compartment was added at the manway end. On this level 
@ small hoist room was cut out and a hoist installed to. operate a sinking cage 
in the third compartment. The counterbalance occupied part of the new fourth 
or manway commertment. A pocket for handling rock brought w in cars on the 
cages was built between the 500 and 450 levels. Below the 500 level the sinxz- 
ing of the shait Was paralleled by.the sinking of a two-compartment winze in 
the ore. AS soon a3 possible, connections were made between the two on each 
level, to provide ventilation and additional entrance for men and sunolies. 
Below the 500 level, the levels were spaced uniformly 125 feet apart. At each 
level the shaft crew cut a station about 20 feet back from the shaft before 
carrying the Sinking further. This allowed drifting to be started when desired 
without interrupting work in the shaft. During the two-year period, the four- 
compartnent shaft was carried to the 1,100 level, and two skip compartments 
“were added from the surface jto the 900 level. The latter was done by raising 
from each level to the one. above, several such lifts being-worked at the same 
time. When sinking, - wall plates framed with half-length .tenons on one end 
were used; the spaces left by the short tenons were filled with blocks. Then, 
when raising and timbering the skip compartments it was easy to remove the 
blocks and fit the new wall vlates into position. Figure 5 shows the timbering 
of the initial three and one-half comartments.. At the time the skiv comart-— 
‘ments vere being driven, the present steel headframe was’ built, replacing the 
wooden sinking headframe without. interruption to operations. Upoon completing 
the shaft, a nocket was cut on the: 800 level, This was done by driving a 
small inclined raise from the shaft to the level, afterward enlarging the raise 
to full ».ocket size, ae ee ee ae ee 


As raoidly as possible each level was explored by drifting, and 
haulage drifts were laid out according to the information thus gained. Fizure 
6 shows a typical haulage level, ae  % 

7 On the 500 level the main drifts were driven 8 feet high and 8 or 9 
feet wide. Work was carried on-in three shifts per day; drilling was done over 
. the broken rock pile from horizontal bars. . Trolley locomotives were used for 
tramming. At first 2-ton cars. on.18-inch track were used; afterward the gage 
was changed to 36 inches on this level, and 7~ton bottom-dump cars were used 
for ore and 5-ton rocker—dump -cars for hauling waste fill. At that time, some 
of the drifts were widened. The main adit is now 8 by 10 feet in most places. 


| Below the 500 level sqme of the main drifts from.the sbaft to the 
ore body were likewise driven with all mossible speed. Drilling was done over 
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the muck vile, and four muckers emoloyed at each face. Only l-ton cars and 
hand-tramming have been used for develonment work on these levels. Sometimes 
the drifts were double—tracked as advanced, to give a good suwxnly of empty 
cars at the face. On the 800 level, which is the haulage level for all stoves 
between it and the 500 level, the l-ton cars have been replaced by 4-ton gable 
bottom cars and electric haulage has been installed. Track gage, however, has 
been kent at 18 inches. Most of the drifting, even through the ore, was done 
without timbering. When drifts are timbered, as in places under the stones, 
square-set timber with a 6-foot cap is used, mating the drift about 5 by 8 feet 
in the clear. This is large enough for eitner the 1 or the 4 ton cars. 


Raises were driven from level to level in accordance with stoning 
plans. These raises were of three kinds: Square-set, cribbed, and stulled 
( figs. 7 and 8). 


On the side of the ore body, onnosite to the Colorada shaft a large 
3-comoartment shaft was vut w from the 800 to the 500 level. This was in- 
tended »rimarily for ventilation and an emergency exit. One commartment is a 
manvay, however, and cages have been installed in the other two, with a hoist 
on the 500 level. The shaft thus serves for an emergency exit and for handling 
men and supplies. . 


By July, 1928, when regular vroduction started in the Colorada, av- 
proximately 1,500 feet of shaft and 200 feet of winze had been sunk and 3,900 
feet of raises and 36,000 feet of drifts had been run. In July and August five 
stopes came into vroduction, one shrinkage stone above the 500 level, a square- 
set and a cut-and-fill (rill) above the 600 level, and two cut-and-fills above 
the 700 level. ; 


Since that time development and stoping have gone on togetner. The 
1,000 and 1,200 levels will be motor-haulage levels; the former is now nearly 
completed. It should be borne in mind, when inspecting the cost tables at the 
end of this paver, that development has advanced faster than mining. It is 
estimated that the average cost ver ton for develooment, over the life of the ; 
ore body as now calculated, will be less than half the present figure. 


Shaft-Sinking. - Cananea shaft-sinking practice is well illustrated. 
by the work in the Colorada shaft from the middle of 1925 to the end of 192°. 


With two or three rounds broken at the surface, the collar set was 
~laced and a standard wooden sinking headframe erected. A commressed-air hoist 
was used at first to operate the sinking cage but was soon succeeded by a ll2- 
hp. electric double—drum hoist and then by the cage hoist now in use. In addi- 
-tion, when the shaft reached the 500 level, a hoist room was cut on the 450. 
level, and another 112-hp. electric hoist was installed to handle the sinking 
operations and release the puraaee hoist for other service. 


Figure 9 shows the round used in the ie coieetnet section of the 
shaft, below the 500 level. Six 65-pound sinking drills and l-inch hollov- 


round steel were used for drilling. Drill steel is the same for all mining oper- 


ations as regards bits and lengths. The common form of cross bit having a 5 


7178 oe) Oe 


WMNVWN ALSAVS 
&*e GAVGNVLS INV SNIGEIAD JAVINVLS - 2 JANSIS 


Cag 4 >: ZFS oy PTTL ; 8 : = * PNW AN el Taba 
ui Vie ya MS > ye vege : Bs : : ey Me, i re ie» ve % & aan ‘A Ss AED ta 


ISS "s | 


Digitized by Google 


Pd ae ad ~ 
sai N 


| 
= | 
Q 
| 
os 
U0 
w 
J 
J 
© 
oO 
_ 
> 


cee axsZ ere =< arse — > g2ax2 “2 = Na 
CESS Ges EZ is i ie Se 1 DEE] BESS Gia BEET BESS 
. ae 1m! Sa 3 6 


Sa 2 Cape Co Ss a Gat 8 es 
' 
' 
' 
' 
‘ 
' 
ee Se CSS, ee OS ee 


jenoas Gs cues iF 
re . : y = os “ua? 4 ** i ; = % a == N 
$4 BESS on h Ae <4 xs Ans SEF SES AES SSIES ES SSE +> Os ss24T=258 


Salialla cd . 
= ia 


is-S5 for (000 Level 


Vv 
OCETAILA 
Make Z as shown 
Make 2 opposite 


se y | 
Piet 17 ay cans rae 
Le2t zz, 


= { 
: s 
4 
at 


7: 2 ey ae 


FIGURE 8.-— STANDARD SQUARE SET RAISE AND CHUTE 
600 LEVEL. “LA COLORADA’ MINE 


O = Sequence of firing 
4=Sticks |, gelatin 40% 


rf 
d 
G’-a" Round 
80 sticks powder 
ae | . ow | fe) 
\ 3 
| Th 
~ PEN NL CDNAS AB OP TAN SOP YS 
If 
Z 2. 
A \ | ? 
: ‘ 
J 
@ Indicates the number of delszy cap to be used S is 
Burden on holes = 2-9" J 
FIGURE 9.-FOUR COMPARTMENT SHAFT, ROUND FIGURE W.- STANDARD RAISE ROUND 
Stope Floor 


4°*\0°-10' Over Set 
10°.10°.10 Block 


IGS 
@ Order of firing 
£ Order of drilling 


FIGURE 11- 5-FOOT DRIFT ROUND ror HARD GROUND FIGURE I2-SECTION THRU DRIFT OR CROSSCUT 


I.C.6247 


and 15° double taper is used, | Startet bits are 2 inches in diameter; the fol- 
lowing bits decredse by one-sixteenth inch in gage. Starters are 2 feet 9 
inches long and succeeding pieces are each 18 inches longer. | All steel is 
hollow, and no dry drilling is allowed underground. Electric blasting with de- 
lay action detonators was used throughout the sinking of this shaft. Above the 
600 level the usual cananea vractice of shoveling the rock broken by the blasts 
into a l-ton car was followed, except for a short period when a sinking bucket 
was used. The bucket-was dumped over a slide into 2-ton motor cars on the 500- 
level station. A special light single-deck cage, with extension guides pvermit- 
ting the cage to be lowered onto the bottom, is used for mucking into cars in 
shaft sinking. The rock is shoveled directly into the car through the onen 
Sides of the cage, ao , : | 


The publication of an article describing a shaft-sinking device used 
at the Zlm Orlu mine at Butte* led to the adoption of an auxiliary mucking skin 
~~a shallow steel box, open on top and at one end, hung by a bail which allowed 
it to be easily dumped. This was hoisted by @ single-drum air hoist vlaced on 
I-beams in one of the center compartments. The skin, which held one carload, 
was lovered onto the muck yile and filled; the.cage and car were then dronved 
to the bottom, the skip was hoisted a few feet, and the muck was dumed into 
the car. ‘The advantage of the sitip is that it can bé placed to best advantage, 
as, for examole, when the. blast throws most of the rock to one end of the 
shaft. It is so low that it is much easier to shovel into it than into the car 
or a bucket. Finally, it never leaves the bottom, so that no delay occurs 
while the rock is being hoisted. Its introduction gave an increase of 20 ver 
cent in sinking speed. A maximum of 107 tons was mucked out in seven hours, 
and never over 12 hours was needed'to-clean out the usual 6~foot round. ° 


The Colorada shaft timber set has already been shown (fig. 5). An 
interesting detail is the use of a bridge piece outside the wall and end vlates 
to hold the lagging in place. This is put in vlace on the timber before it | 
leaves the framing shed. Lagging is Dvlaced very ravidly and needs no blocking 
or nailing. When once in, it can be removed only by being cut out. To use the 
bridge piece the shaft need be made only slightly larger. 


0 fixed cycle of operations was followed... If a crew-came on shift 
and found the shaft mucked out and timbered, they would drill and blast in 
four hours and spend the rest of the shift mucking. ‘The following shift vould 
at least finish mucking. ‘he third shift, if.the ground would stand without 
timbering, as was often the case, would drill and blast again. When it was 
possible to hang and bloc two sets in one shift, this was done. 


The shaft crew consisted of eight men, including.a jigger boss, in 
the shaft, one top lander, and one hoist engineer. fhe direct siniting cost for 
four compartments from the 500 to below the 1,300 level, a distance of 1,027 . 
feet, was as follows: Labor, $43.46; supplies, $27.26; power, $2.44; sundries, 
$1.02; total $74.18. This does not include stations, pockets, vrenaratory work, 
or hoist installations. : : 


4 - Drullard, H. R., Shaft Sinking To-day at Butte. Eng. and Min. Jour., vol. 
123, Feb,.26, 1927, p. 357. as | 
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In 1925 thie Cavote five-commartment shaft was deepened from the 
"1,400 to the.1,600 lével, a total distance of 212 feet. the sinlzing cage and 
car were used in this work, The crew consisted of six shaftmen, one hoist 
engineer, oné vumpman, anda boss. Careful and detailed costs vere kent on 
this work, of which Table 1 is a summary. 


Table 1. —- Cost of sinking Canote shaft from 1,490 to 1,600 


level 


July to October, 1925, 
Footage, 2l2 feet. 


EE Se 


Preparations for sinking shaft 


Shaft and 1,400 level station: 


| 
TOOL Seis diet abe Saba ce bee aw we Pears 


SUDDILCS: 254er een woeees ere ; _ 302.87 
$844.99 - 
Hoist revairs and installation: 3 | 
TEA DOD ipa wikese- es owe oe ae sm Sa eres <a. Ye * 205.70 
SUDDLIGS seis ewes seaeseue Sie u euiee unas - 198.41 
- : { 3 404,11 - 
Air- sum repairs: 
TAROR asa ponte eet eat a2 ecueee af 6-1/2 20.63 
DUDPULICS: sw twacswa ene wena ee eet rT oe ee | 38.96 | 
Pive lines: | 
La0Ot sie eaceete iawn oul teers ~| 34-1/2; 92.20 
SUPPLIES ssawewcs ee ecoatey | ~ ; 346.61]. | | 
| |  . 438,81 - 
Sinking-cage renairs; ) | | | 
EA DOLo tins, edna oa. ere es na iaameeeae basi eaesanare pace 11 ! 33200 
Suoplies ....... imi weimeteseecan te ee Ff <Bed5 
is ae ' | 41.95 és 
Hoist overations: . ~ * 7 | 
TABOR Cucaseactenears cenegue egieamcee:| 18el/2:1 2 4860 
ct. a | 48.50 ds 
iscciienoous: | | | 
BADOR® s savecrotus eure oo we ea Rees a eae | 2 ' 3 
oe eae eee eee ee: - i 12.48 
: os - ee hot ! 16.23 zs 
Lanavieas : SS 3 ge | oe ee 
Snes, and vlaning nilt eine kU Ne ore ee | _ | 220.04 | | | 
| | ce O04 | = 


| | $2,074.23 ‘aa ak 9.60 


ome meee eee eed . ee oe ee eee 


‘+ Total preparatory work 


QQ. 
oN 
Ce) 
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Table 1. - Cost of sinking Cavote shaft from 1,400 to 1,600 
lever--CGontinued 


=o ae: ee ED ee 


SS oa ete a pc ar 
Sinking shaft: Shift Total | Per foot 
Direct sinling: | 
Labor: Shaftmen....... ecaeswos .. | 1572-1/4 | $6,289.00. 29.73 
MOIS UUON! 64.4-de488 ios Sabrapiive eens 274 858.09 4.05 
Pumomen @ervecreerreeeeseeees eevee 266 1.C64.00 ; 5.03 
BOSSES Sa naguataneee see eeRacs 267 1,959.68 262 
BONUS: 4.456 6 eww ec Ph vansatogtias ae ecient. .- -1,116.95 ; 5.28 
$11,287.63 93.36 
Explosives and carbide: 
410 sticks 7/8" powder ...... - 20.30 | - 0.09 
9,354 sticks 1-1/8" pnowder (106 7 me se 
sticks per 50~-1b. box) .. - 746.71 3.53 
1,765 delay detonators ........ ~ ». 615.43 1.49 
1,375 pounds carbide .....eciec - 82.45 0.38 
. : as 1,164.98 5.50 
Gum clothes ........ diacocer a Rides ees - - _ 485.23 | 
-* 485.23 2.29 
Suoplies @eeveeeeveeseeeerseeene @eoeeveeeevee — 71.38 . 
! 71.58 0.33 
13,009.22 61.50 
Hanger bolts: ae 
Fo) eee ee ere -. | (23-1/2 | °° . 45.75 |: 0.21 
Supplies ........ eee siete aarieticline ies cee ce 245.69 1.16 
| 7 ; OS | 291.44 1.37 
New drills, steel, and hose: . 
Supplies: s:icc5-eens eetaceetadse gee el iar eral ~ 1,688.21 | ~ 
| | : a 1,688.21 7.98 
New tools: 
LADOT: 63.2 cians os eee se aS ie cee wees . 12 335265 | | 0.15 
SUDPITCS: sissenesiew vs hg lac Sa letcecarncar eu oe cae - 165. 76 0.78 
: - , 199.41 0.94 
Hoist revairs: 
LA DOP ae 3. 5-4:0-00-eee ee ere eet ee ee 11-3/4 39.37 0.18 
SUDO LLCS: a4 .wo: 608 seve eee ecg cue eern as ‘ - 20.58 | | 0.09 
59.75 0.27 
Air-pump repairs: ) oe a ne : ! | 
LADO! sheen eho saws noeteue Spice subas 24-1/2 83.37 0.39 
SUDOLLES: 6. we eeses Deere reer es eee tee -... 199.37 0.94 


282.74 1.33 
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Table 1. - Cost of sinking Capote shaft from 1,400 to 
1,600 levei -- Continued 


Sinking shaft | Suises ; Amount | Total | Per foot 
te ee ee eee ae 
Pive lines: | | | | 
TA DOT.-o.5.5 sia artes bes ee eee ee 32 90.14 0.42 
SUPPLIES eeeeeeseceeeseeeteeeeeseeseeee | = 9 | 892.60 | 4.22 
982.74 4,64 
Drill repairs: | | | 
TAU? sui estore ee ere ies | 6-1/2 18.75 ' 0.08 
SUDPlICS: 2400 6.udess stakes cewalate testeuaraate - 213.30 | 1.00 


232.05 1.08 


labor ....... eee eres SAcuiecat 10 25,87: 0.12 

SUDO LCS: ides S-b:5 G Gere alow led Skee s Sitters ~ 18.70 | 
, — | | 44.57 0.20 

i 

| 

{ 


Blasting switch and lights: : 
Labor a er ee i i a i 8-1/2 24,50 | 


O.1l 
SUODDLICS: .sascnius ee er ae er ee Sree ere ~ 26.79 : O.l2 
| : | 51.29 0.23 
Tool. and drill sharvening: | | 
12100) ccaet pe ee ae ee me a ee ee ae ee ee | 48 117,54 | = Os55 
. Yo 
Lowering sinking pump: | 
TACOP ccanaoacdinens oinca Cadets ieee CO 59.37 | : 0.28 
Timber framing and material: | 
Te 0ON wis steers Sl clireralceae at 5. aieiees ws bee eee aie OOO . 955, 84 4.51 
Timber:. Sets, 69,269 bd, ft. sse.ssece | 1,901.31 8.98 
' Lacging, 16,330 bd. ft. ewrcce | 564,53 2266 
Bulkheads, 5,964 dd. ft. esses 198,12 | 0.93 
Miscellaneous (ladders, | | 
guides, blocks,’ wedges, etc. )j. 243.47 1.15 
NOINS 6 hkcgn ee eae wes ee ee P 101.89 0.48 
TOOLS: dqars.dreeraccawe ess acess ° 6.18 0.02 
| 6,971.34}: 18.77. 
Framing 10 sets at Ronquillo | 
framing shed: 7 
TO! see kee cars Sie Se Gee ae ee ee eee 64 207.37 | ; 0.98 
Supplies (tools, nails, bolts, timber) 1,417.59 | 6.70 


1,624.96| 7.68 


Air. and power: | 
Air for- drills, 820 machine hours ...... | 8 
Air for oums, 961 pump hours ........e. 378.57 
Power for hoist, 18,952 kw. he .....cece 5 

| 

| 


1.C0.5247 


Table 1.-- Cost of sinking ‘OHiéte ‘shart | from 1,400 to 1,600 
‘level--Contined | 


Sinking Shaft: = | ee 


Shifts | Awount | ‘otal Per foot 
ec aceeee se  e 
Sundrias:. = ‘ | 
Shops and planing mill ee eee a 303. 84 — 1.43 
Total sadietas Aoeciawe weeee| 3,013-1/2| = + 23,929.67 | 113.14 
Total preparing to sink eo} 339 3 _- 2,074.23 9.80 
Grand total ..i........ «+.| 3,352-1/2; 26,003.90} 122.94 
| ance Se ee 
‘Statistics 
| Shaft section (4 ee ee 410" by 510", | | 
a commartment ar -Aa by 510" iameaeen osee 29.0 by 8.5 feet 
a Footage de caca) be wile gl Sith a: tanataviore alee rif s Weee ase bao eee eae ele: feet 
Days sinking (3 shifts each) — ie naae os) onkeaens weekas 87 
. Average footage x per GAY iecidnd acres Pee ener Soe ele » 2248 
RoUnds. drilled aio oxoriaglsdul bet waaeesusantaass 43 
Depth per round Bole. aciecenapiare te, e0s Pee eee ee ee ee ee PaeGo es « 4.93 
PHOLGS DCP FOUN Voss cen Su nies ethene yeseaw ee eetaewe AO) « 
Sticks of l- eae gelatin per round phetarnee ceases. sees 
Pounds vowder ver round’..i.....ecceee iscemumanene ees LOOsee 
1-ton cars 4 cu. ft.) hoisted ....... eve Poreene aeaucnee Ia0ee 


Tons per” SoGu™ as Wi 0:8 See eae fee Pe ee ee 


sineth icine % The Cananea~Duluth mine had been idle for eight years 
when vrenarations for’ reopening it were started in January, 1929. The mine was 
flooded to above the 300 level, and the timber in the main or No. 3 shaft from 
the surface to the 600 level was rotted so that it had to be replaced. In addi- 
tion, the-same section of the shaft had only three comartments and was to be- 
seal to nour 


Srevious experience had shown that pumps were unsatisfactory for re- 
moving the strongly acid water. Therefore a wooden headframe was erected over 
the old No. 2 shaft, a double-drum, 112-hp., electric hoist was set up, and 
450-gallon bailing skips were installed in the shaft. Using only 400 gallons 
as the skip canacity, to allow for spillage, the power consumption for the first 
month, when the water was being hoisted an average distance. of 335 feet, was 
2-5 ky. h. ver'1,000 gallons. During the next two months the bailers handled 
300,000 to 400,000 gallons per day. In the second morth, when the average dis- 
tance hoisted was 440 feét, the average amount bailed was 278 gallons per minute. 
The corresvonding figures for the third month were 500 feet and 256 gallons per 
minute. Extending the guides and repairing the shaft and equipment caused a 
delay of four to five hours each day. At a little over 500 feet, the. load on 


ae oists was reduced by cutting a hole in the bailer and changing its canacity 
3420 gallons. 
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Tne first step toward retimbering the No. 3 shaft was to builda 
concrete collar. The old timber was torn out for 20 feet below the surface, 
and the extra comartment was ta’:en out for about 30 feet down. The latter 
work had to be done by hand-drilling, as the compressor wes not yet in over- 
ation. At a denth of 20 feet a hitch wes cut all around the snaft, 2 feet deep, 
2 feet high at the bacx and 4 feet high at the front. Temnorary bearers were 
placed telow it, forms built, and a concrete collar was poured, 


Air was now available and the work of enlarsing and retimbering the 
shaft was started. The round for the extra comartment consisted of seven 
verticsi 6-foot holes blasted with four sticks each of 40 per cent gelatin and 
with fuse and cavs. ‘Two heavy sinking drills were used, and about an hour was 
usually needed to drill, load, and blast the round. After blasting, the old 
timber set was taken out. Any vieces that could be handled easily were hoisted 
to the surface, and the rest was allowed to fall to the 100 level. This re- 
sulted in frequent jams in the shaft, which were usually removed by blasting 
from below, <A bulkhead had been built on the 100 level. All rock from the new 
compartment, as well as the old timber, fell to this level. The rock vas tram 
med to old stopes and dumped for fill. ‘The amount of old timter falling down . 
made it immossible to use a chute, and all rock had to be shoveled by hand into 
the cars, As work progressed, the bulkhead was moved from level to level, so 
that it was never more than 100 feet below the new timber. Entrance from the 
surface to these levels was by way of a series of raises. 


At first the working platform for the retimbering was simoly laid on 
top of the old timber. A point was soon reached, nowever, where the old timber 
was too weak even to support the platform and often fell out for 40 or & feet 
below. Then a platform was made by hanging 20-foot 8 by 8 inch stringers 
below the last set and laying a floor of 3 by 10 inch plank on them. The 8 by 
8's were hung on 3/8-inch iron chains 18 feet long with grabhooks at botn ends. 
The chains passed around the corner nosts, outside the bridging of the wall 
platcs, and down to the platform stringers. Thus, the chains were out of the 
way of the set to be vut in. The platform was lowered by ropes a set at a 
time as needed. When blasting, the end of the platform over the blast was 
raised a few feet and the planks were removed or piled at the far end. Men 
going down on the bench of the new comnartment to drill always were safety belts. 


As when sinking the Colorada and other shafts in the district, the 
timber sets were framed and completely assembled at the framing shed, chec*<ed 
over, numbered on each niece, and the joints lettered before the set was sent 
to the mine. This vrevented misfits and simplified the delivery of the oroper 
pieces to the shaft bottom. As it was often necessary to timber closely on 
account of the blocky nature of the volcanic tuff in which the shaft is sunk, 
and as there was usually not enough room below the new timber to swing a wall 
plate into vlace, the practice was followed of temvorarily leaving out one 
divider on the bottom set. ‘The wall plates were left unblocked opposite that 
piece. When the set below was in place, a screw jack was used to svring the 
wall »lates apart far enough to drop the divider into place. 


From the bottom to 40 feet above the 600 level the shaft was already 
Livided into four—compartments and the timber was in good condition. To avoid 
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damaging this vnart of the shaft, after the 500 level was nassed, three compart— 
ments were bullheaded over 40 feet above the 600 level, leaving open only the 
one next the fourth comoartment. This oven comoartment was lined to forma 
chute so as to allow rock to drop to the 600 level without damage to the shaft. 


When the water level was reached the work was interrupted. Bailers 
were then installed in the shaft and overated until the water was down to the 
800 level, since which time the bailers in No. 2 shaft have been run a few 
hours a day to keep the mine dry. Bailing in No. 3 shaft nresented difficulties 
due to the presence of old timber and partly broken sets which vrevented the 
bailing skins from being lowered under water. Heavy tongs similar to ice tongs 
proved useful for grappling and vulling out submerged timbers. The bailers re- 
quired extension guides into the water, and often the stumps of the old guide 
lag screws vrevented the proper placing of regular wooden guides for this vur- 
pose. Steleton guides were made of long pieces of strap iron bent double and 
held by two or three cross pieces. ‘the free ends were lanped onto a short 
length of wooden guide which was drilled to be bolted onto the dividers. These 
guides were moved down from set to set, and as they were oven frortand back 
the old lag screws did not interfere with their placing. 


- Enlarging and retimbering were resumed on August 2 and finished to 
40 feet above the 600 on August 25. 


From February 22 to Avril 26, 453 feet of shaft, including four 
stations, was enlarged and retimbered, averaging 7.1 feet per.day. From August 
5 to August 22, 158 feet was comoleted, averaging 7.9 feet per day. Very com- 
monly two sets and often three sets were ut in in a day. 


The shaft crew consisted of five shaft men and a jigger boss, three 
muckers below, a top lander, a hoist engineer, a compressor man on three shifts, 
and a foreman on one shift. During the entire difficult and dangerous job, not 
one man received a serious injury. 


Drifting. - All drilling in drifts is done with Leyner-type machines 
mounted on 3-inch columns with cross arms. A wniversal column clanm is revlac- 
ing the old-style cross arm. This clamp consists of three castings which 
serve to clam a length of standard heavy 3-inch vine at right angles to the 
drill column. The pine can be slid back and forth through the clamp and may 
be of any desired length. This provides amore flexible drill set—up and per- 
mits drilling a wider face than was poaerits with the former type of cross arm. 


From time to time drill ineitcuctore have been employed to teach the 
miners the best methods of drilling and breaking their rounds. As a result, 
&lthough no standard round is insisted upon, most of the drift men use a round 
like that shown in Figure 11. This round is designed for 6 by 8 foot drift 
in hard ground. 


Forty and sixty per cent strength gelatin dynamites are used in 
drifting, with No. 8 caps and fuse. Stemming is used. This is made by filling 
paper cartridges with screened table tailings from an old pond; the stemming 
is slightly dampened before being sent underground. 
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Drift crews consist of a miner, usually working on the dav shift, 
and two muckers working on the onposite shift. The usual practice is to drill 
and blast on one shift and muck out on the other. Timbering, when necessary;, 
is done by the miner before setting uv and drilling. Only rarely is the 
ground of such nature that overhead booms or sviling are required, as in some 
places in the Capote and Elisa mines. Frequently timbering is done on a senar-— 
ate contract after completion of the drift. 


Shoveling sheets are laid before blasting. The broken rock is 
shoveled into l-ton cars and trammed to the shaft. A mechanical shovel overated 
by comoressed air was tried for drift work, but witliout success. 


Raising. ~- Figure 10 shows a tyzical raise round. Hand~rotated stopers 
are used for this work, with l-inch quarter-octagon hollow steel. Raise crews 
consist of a miner and helper on day shift and the same on night shift. 


For long timbered raises an air hoist is set un at the bottom of the 
raise for hoisting timber and tools to the face. In one vlace on the 600 level 
a number of square-set raises were being driven at the same time. An air hoist 
was mounted on a truck and taken from raise to raise whenever timber ras to be 
hoisted. In ordinary stulled raises, timber is hoisted by hand with a rope and 
tackle, 


The raise men are usually required to tram their own rock to the 
shaft. Occasionally, if contract trammers are working in near-by stones, tney 
are given the raise tramming to do. 7 


supply System. — A crew of ninpers deliveres sharp steel from the 
shop on the surface near the shaft to the steel racks on each level in the mine. 
The miners get sharp steel from the raclcs and return the dull wieces, which are 
then taken to the shop by the tool ninpers. As almost all drilling is done on 
the day shift, the nippers work on night shift, so that each morning a su-ply 
of steel for the day's work is on hand. 


Each level has a suxnly room where tools, drills, hose, and other 
supplies are kept. If a machine breaks down, the miner has only to take it to 
the sunply room and exchange it for one of the spare machines. The tool nivper 
takes the broken machine to the surface and returns it vhen repaired. Hose is 
likewise repaired on the surface. 


All timber is framed at the framing shed at Ronquillo and ta'ten by 
the narrow-gage railroad to the mine timber yards. There it is loaded on timber 
trucks, hauled to the shaft, and lowered into the mine. On each level small 
amounts of timber are stored at voints as close as nossible to the working vlaces 
so that contractors and miners will not waste time hunting for timber or hauling 
it long distances. Generally the timber for the stones is lovered through raises 
from the level above. Wedges are not made into bundles but are shinped loose 
‘and stored in bins in the timber yards and underground. 


The main powder magazine is at the woper end of the Capote basin. 
Powder is brought to the mines each day by railroad or truck. There it is loaded 
on the cages, distributed to the several levels, and stored in the underground 


x 
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mazearines, Only one day's suoply may be kent in the masazines. To be hauled 
into the mine, the boxes of powder are packed into strong, red-pyainted, locked . 
wooden boxes, which are loaded on the regular timber trucks. Fuse from 3,000- 
foot reels is cut and capped at the surface at each mine. A day's swoply for 
each level is packed into special containers and sent to the underground fuse 
magazines. ‘The containers are carbide cans, lined with burlap and fitted with 
carrying handles. Miners get requisitions for their vowder from the shift 
bosses. Powder and fuse are carried from magazine to working place’ in senarate 
sacks made from discarded flotation-cell blankets. : 


Timber-Treating, - All shat timber and all timber for permanet work- 
ings, such as main-haulage drifts and shaft stations, is treated with a oreser- 
vative after framing and before being sent to the mines. The treatment is for 


the double ourpose of increasing the life of the timber and making it resistant 
to fire. 


| The timber is chiefly Oregon pine from the Pacific coast. The preser- 
vative, a yellow powder, is a’ mixture of triolith (90 per cent sodium fluoride, 
6 to 7 per cent potassium or sodium bichromate, and small amounts of vhenols) 
and sea salt, bought in 675-pound barrels. The latter comes from natural denos- 
its on an island in the Gulf of Lower California. ; 


The solution was at one time mixed in a galvanized iron tank, After 
about two years of service the tank wore out because of the corrosive nature 
of the salt solution. It has been replaced by a redwood tank coated inside 
end out with a heavy asphalt-base paint. ‘The tank is 4-1/2 feet square and 6 
feet deep, having an effective capacity of about S50 gallons. The tani is 
filled half full of water, and the water is heated by turning in live steam. 
Four pails, or 112 pounds of triolith, is added and stirred and dissolves at 
once. Then 300 pounds of the sea salt is dumped in, the tank filled to the top 
with water, and the steam left on to heat the mixture and give some agitation. 


Tne salt dissolves in about two hours. The solution then has a specific gravity 
of about 10° Baume. 


There are two treatment tanks, sunk level with the. ground near the 
framing shed. They are made of reinforced concrete 8 inches thick and have one 
side wall in common. Inside dimensions of both are the same; 6 feet wide, 24-1/2 
feet long, and 6 feet deen. A 20-gallon-ver-minute electric centrifugal vu 
is pined to transfer solution from one tank to the other. Steam lines of 2- 
inch nine are sunvorted on wooden blocks about 2 inches above the floor of the 
tanks, one tank having four and the other six lines lengthwise. Originally, 
small coils of l-inch vine with standard threaded fittings were used. These 
soon develoned leaks due to corrosion, and were very difficult to revair. The 
present vines are welded to avoid this trouble. Steam at about 40 vounds pres- 
sure is »ined from the smelter power plant. Above the pives, and likewise sup- 
ported on wooden blocks, is a grating of old rail laid across the tan about 
6 inches above the floor and spaced a foot anart. 


Timber is loaded in and out of the tans by hand, Plank and large 
pieces are laid evenly, with small strins of scrap lumber for vertical svacing, 
s0 that the solution can circulate freely around and through the pile. Blocks 
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and wedtes are d@umed ona floor of boards ané covered vith boards on to», ‘The 
wood is ‘sent from floating by worden bars wed.ed into slots in the concrete 
walls a few inches below thre ton of the tank, 


Tze loaded tan’ is covered with a double laver of vlan, and stean 
is turned into the vives for atout 12 hours, usually overnizht. This dries and 
heats the vood, drives out some of the witch, and makes it avsorb the solution 


more racidly, In the :norning et 7 o'clocit when the men 70 to wort, the solution 


fron the other taniz, at a tenmmerature of about 100°F., is mumped onto the nevi 
timber. After three to five hours it vill have keated to 120 to 290°. ‘The de- 
sired treating range is from 194 to 198°. Above tuis the loss of vateor is too 
rapid. Wen the solution is first anvlied, it is tested and brouvznt to 59 
Baumé, either by addins water or tne strong fresh solution. The test is re- 
peated after a few hours and enough liquid is added to keev the vood submersed, 
After eizht hours, at 4 o'clock in the afternoon, the steam is turned off and 
the timber ellovwed to soak in the slowly-coolin,s bath until morninz. The solu 
tion annears to DEReETAve the wood puOut on3-fourt: inch. ' 


The capacity of each tan': is approximately 4,500 board feet of ordi- 
nary mine timber. As much as 107,0C0 board feet has been treated in a onth. 
During tne first half of 1929 about 330,000 board feet of timber, or one-tentin 
of the total mine consumtion, was treated; 3,950 nounds of triolith and 11,200 
pounds of salt were consumed, 


Stoving we thods 
At one time or gacenee Cananea has orfered examles of almost every’ 
known itinine method. o : 


In 12190 eight or tore mines vere in overation, vroducing ore by a 
half-dozen distinct methods. At Puerticitos a low-grade ore in zarnetized 
limestone vas being mined by surface benching. Primarw brealting was by means 
of 22 to 24 foot hand-drilled holes, blasted with blaci: novder. <A larze »ro-— 
portion of waste was sorted out to »vroduce a 4 ner cent ore, and 75 to 30 Der 
cent of the material bro’cen vas discarded, Tue mining efficiency was 4-1/2 
tons of ore and waste ner man-shift. Square-setting was in use, but chiefly 
as an auxiliary to other methods, accountinz for not over 5 ver cent of tne 
total vroduction. Its cost vas relatively hich, varving from 31.20 to 31.40 
per ton of ore in the chutes for mininz and timbering only. Tov slicinz held 
first ~lace as a producer. This differed little fro1 tne metnod as used to-day. 
It gave a low stoning. cost of 30.60: to $0.70 »er ton of ore in the chutes. A 

combination shrinkage and caving system was used under certcin co.uditious, 
vhich consisted of shrinkage stoves and the caving of nillars.. Tie stoves 
were carried uw» to canning or stoned sround above, etter which the pillars 
crushed or vere blasted out. iJo tinber vas needei, and a cost of 30.40 to 
$0.50 er ton was attained. A cut-and-f*11 method vas in use in the hard ores 
of the Hlisa mine, where the stones wee sometimes as large as 75 by 109 veet. 
The method differed from the modern cut-and-fill method in that no floor vas 
used end in that nOntEre vas necessary, as about 50 ner cent of the roc: bro:cer. 


A —ae -= 


o— 6 wee 


h = Nisin, iis Jes “Mininz Me Methods siieied at © Cenanea, .iexico. nz. and tiin. 
Jour., vol. [0, Hove. 5, 1910, yp. 214; vol. 90, Nov. 12, 1910, Dp. 963. 


7178 ~ 18 - 


a N 


Campana 


Sierra is Cobre 
4) 


6 
Go 


‘ Rios oe 


oe . n A 
oa 6 


54 Tunnel! 


Oversight 
on) 
oe 


Veta Grande 


SCALE: FEET Rh, 0 Veta 12 
'e) 400 800 1Z00 1GOO 


FIGURE 13.- HORIZONTAL PROJECTION OF STOPES 
IN CAPOTE BASIN 


1.C.6247 


was waste. To prevent the loss of fines the ground was broken as coarsely as 
vossible. Finally, what vas lmown as. »yramid stoning was carried on in the 
Veta Grande. This wag a combination of square-setting and shrinkaze stoning. 
Blocks 40 by 50 feet were laid out by square-set drifts on the sill floor, 

From the drifts a double row of square sets was carried wu all around the 
block, The 30 by 40 foot solid core in the center vas mined out by shrinkage 
stoping, the excess ore being drawn out through the square-set chutes. Waste 
vas necessarily mined and trammed away. When all the blocks ina Given section 
had been mined, the broken ore remaining in them was drawn out. Pyramid-shaved 
viles of ore would still be left in the middle of each stope, and these zave 
the system its name, They were removed by running drifts through the centers 
of the blocks, with one or more chutes to tap the broken ore above. The cost 
of stoping by this method was 80 to 90 cents ver ton. 


At present the Capote, Veta Grande, and Colorada are using shrinkage, 
cut-and-fill (both horizontal and inclined), square-setting, top-slicing, and 
undercut-caving methods. This diversity of methods is chiefly due to the 
great natural variation in ground conditions and ore occurrence. Occasionally 
previous develonment or mining, plans for future operations, or the security of 
shafts or surface plant are the deciding factors in choosing methods. 


Figure 13 shows that the ore bodies worked by the Capote and Veta 
Grande are very irregular in size, shave, and distribution, Inthis area, more- 
over, the wall rock is generally weak. Square-setting and ton-slicing, conse- 
quently, have accounted for most of the tonnage from these mines. These 
methods, however, are better described in connection with the Colorada. The 
Capote is using, in one section, an undercut caving method, which will be des- 
cribed,. 


The ore and walls in the Colorada are of such nature that little or 
no swovort is necessary when mining. On the 600 and 700 levels, where the ore 
shoot is in effect a vein (fig. 4), long filled rill stopes were laid out as 
offering the cheapest method consistent with safe workin conditions and com 
plete extraction. Some of these are being converted to horizontal cut-and-fill. 
Relow the 700 level the ore ring becomes much thicker, and just below the 900 
the waste core disappears completely. It was evident that if the cut-and-fill 
method were to be used, villars would have to be left to suo,ort the valls and 
then removed by some other method, either by top-slicing, which mizht allow a 
general subsidence of ground above, or by the Mitchell slicing method, attemot- 
ing to fill so as to prevent any general caving. ‘The former course vromised 
more certain recovery of all the ore. Therefore, it was decided to use top- 
Slicing for- removing villars from the 800 to the 1,000 level. Below the 1,000 
it is vlanned to top-slice the entire ore body. However, if production requires 
the oveninz of stopes on these lower levels before the top-slicing of villars 
above is finished, cut-and-fill stopes will be laid out as described with 
villars betteen to be mined by top-slicing. 


Near the shaft and between the 500 and 600 levels, although the walls 
are solid, a nart of the ore is so shattered and blocky that square-setting, 
with small sections and close filling, was the only possible method for use. 
This area was started as a Square-set stonpe. A small section adjacent to it .. 
was started as a rill cut-and-fill, but was likewise found wnsuitable for this 
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method, “hich was changed to the square-set. 

Avove the 500 the ore was of relatively low grade and tne vein narror, 
sone of the first production from tne Colorad2 c2me from the shrinxage stones. 
A disadvantage of shrinkage stoping in tnis case is that tne ore efter remaining 
in the stone for a short time oxidized so as to interfere seriously with flota- 
tion. This is generally true here where tne ore occurs in diorite nornuyry. 
At present, the material being drawn from this stove is of very low grade, and 
a large nart of it is being used for waste fill in the stopes below. 


Filling is an imoortant nhase of both square-setting and cut-—and-fill 
stoving. As much as 5,000 tons of waste is sometimes required for filling one 
floor of a cut-and-fill stope. Most of this waste at present comes from two 
surface glory holes, but a small amount is from develooment work. One glory 
hole is over a 500 level tunnel which extends through a small ridge betreen the 
Colorada ore bins and the Kirk shaft. The other is above the 500-level ventila- 
tion adit. 


Table 2 shows some comparative stoping costs for Colorada stoping 
methods. 


Table 2. - Partial stoning costs, Colorada Mine, 


August and Sevtejuber, 1929 


Horizontal | 
cut-and-fill Rill cut-and-fill 


Square-set 


August, 1929: 


Tonnage LOyor? 8,539 

Labor $0.4829 $0,5421 
Explosives » 1054 1689 
Timber eo202 2142 
Partial totals 0.8135 0.9252 
Sentember, 1929: 

Tonnare ; 8,980 ' 18,483 8,779 

Labor $0.5332 $0. 5146 $0.4482 
Explosives ~O691 ©1562 ~1110 
Timber « 5436 ~2789 °3 509 
Partial totals | i 1.1459 | 0.9497 0.9109 


These figures are for ore delivered to chutes on haulage levels, and 
include breaking, timbering, and mucking. Stopé bosses are included in "labor." 
Supplies, drills, and air are not included, as these are distributed evenly to 
all ore, amounting to a total of 17 cents per ton in August and 20 cents in - 
September. Filling is charged similarly and amounted to 17 cents per ton in 
both August and September. 
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Square-setting. - The square-set stones lie vetreen tne 500 and 600 
levels, extending over a length of about 200 feet. The vein averages 60 feet 
wide on the 600 level and 20 feet on the 500 level (fig. 14). A drift vas 
run in the center ‘of the vein on the 600 level and timbered with Sill floor . 
Square-sets. From. it two-compartment six-post raises were driven to the 500 
level at intervals of 30 feet along the vein. These raises are on the dividing 
line between the 13-foot stope sections and are offset as they go w to l-een 
them as nearly ag possible in the center of the ore. One compartment is a man- 
way and the other a chute. ‘The raise serves for entrance for men, lowering 
timber and tools into the stopes, dropping waste fill, and extracting the ore. 
Each raise serves two sections. Eleven feet above the floor of the 600 level, 
a 15-foot Section is mined across the ore body, in both directions from the 
raise, and is timbered with standard 10 by 10 inch square-sets. Posts are 
stood on the solid and the floor is fitted around them. The floor consists of 
a single layer of 2 by 10 or 2 by 12 inch plank 10 feet long, laid on sills of 
doubled 2 by 10 inch plank. ‘he sill is not taken out because to do so would 
make the maintaining of the drift difficult. Eleven feet, the usual height of 
a top-slice floor, is left because tov-slicing is to be used to remove the sill. 
after square-setting is finished. ‘The ground over the drift but below the 
stope floor is taken out and a bridge cap nut in (fig. 12).. 


| _ Another: floor is mined next by starting at the raise and blasting 
the ore down on the first floor where it is shoveled into the chute. The sides 
of the stone are next lagged inside the posts with 2 by 10 inch plank, and the 
posts are laced top and bottom from one sice of the stope to the other with 
wire rope. This rope is obtained by unstranding discarded hoist cable and is 
made uo on the surface into 40-foot lengths and coiled for convenient handling. 
This lacing is pecessary to prevent the weigit of the fill from breaking out _ 
the gob fence when the adjacent section is brought up. Fill is now run in from 
the level above and svread by nand or occasionally by single drum scravers or 
Slushers. <A temporary floor is then-laid over the fill. Mining and filling 
are now carried on together, mining on one side of the raise and filling on 
the other, thus speeding the wor't and leaving as little ground open as vossible 
--never more than two floors. Were the vein is wide a second extraction 
chute may be made by lagging-off ‘sets before filling. Adjacent sections are 
started and kept within two or three floors of the »receding one, as shown in 
Figure 14. This order is maintained strictly, to prevent the formation of high 
vertical brows. For the same reason lead sets are always taxen on the side next 
the gobs often three or four sets are carried in advance of the stove to break 
the corner of the brow before it falls of its own weight and crushes the floor 
below. Very careful. blocking is necessary. Wheelbarrovs are generally used 
for spreading the fill and moving the ore to the chutes, although slushers are 
very satisfactory and are being used whenever available. | 


| No tramming is done on the 600 level. When the stope raises were 
being driven to the 500 level, temporary chutes were ‘built in the drift sets, 
and the ore from the raises was trammed to the shaft. Before stoving began, 
ore passes had been brought wo from the 800 level, with fingers to. each of the 
squere-set stope raises, so that all -the ore from these stopes.4s dronved to 
the 800 haulage level, ~ | | , 
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The square-set stones have produced a small amount of first-class 
or snelting ore. No svecial rrovision is made for handling tvo classes of ore, 
however, and .o sorting is done in the stopes, either for raste or for hish 
gerade ore. If the ore dratm from the 800 level havnencd to reach the reauired 
grade, it was taken for first class. xxnerience enables the bosses to estimate 
grades closely enough to sevarate first-class ore by inspection, 


Square-set stove cress consist usually of a miner, a helver, and 
two muckers (same on both shifts). Drilling is done witn jackhammers and l-inch 
‘ hollow-round steel, and four or five flat 5-foot holes are drilled to a set. 
Only 40 ner cent gelatin vovder is used. <A square-set averazes 200 cubic feet. 


Shrinkage Stoving. - In the Colorada mine soiie shrinkage stoning is 
bteinz done above the 500 level in a relatively lov—grade ore shoot which varies 
in width from 10 to 20 feet (fig. 15). <A drift was driven in the ore on the 
500 level along the hanginz-wall side of the vein. From this drift, at about 
50-foot intervals, raises were driven in the ore to 40 feet above the level. 

At tnat elevation a connecting drift was run from raise to raise and silled 

out to the full width of the ore to form the base of the stove. Three of the 
raises, as shown, were driven as tvo-compartment stulled raises. The one in 

the center of the stone was vushed uw as quickly as vossible to the 290 level, 
for ventilation. Later on it also served for a time to lover sunnlies into 

the stone. No attemot was Made to maintain it through the broken ore in the 
stove. In the raises at either end of tne stone the divider stulls vere hitched 
from wall to wall of the stove, and the mamvay vas kent open permanently. As 
the stope went higher the ore diverged more and more from the vertical ventila- 
tion raise, For a time an entrance was kent from it to the stope, forming a 
narrow vertical slot in the hanging wall. Finally, hovever, the tvo end raises, 
which were carried considerably in advance of the BnODes were connected to the 
200 level end the ae raise was abandoned.» 


To preserve the 200-level drifts, which now gave access to the stope, 
and in which a series of trizzlies was to be inst2lled, a 35-foot vnillar vas 
left below the level and the stove started anew above it as was done on the 
500 level. The unper and lover parts of the stove ere connected by raises 
througn the level nillar, and 10-inch steel rail grizzlies were built over each 
raise on the 200 level. This was done to eliminate the blasting of bowlders in 
the 500-level chutes. A large vart of the production of this stove is now being 
used for waste fill in stopes belo, and it is desirable to be able to load the 
trains ranidly with waste for plugzing bowlders in the chutes. 


Above the 200 level the stope is being carried wo as befcre. Connec- 
tion has been made to the 100 level for ventilation, and the two end raises are 
being driven to the surface. A large pillar will be left to vrotect the main 
100-level ¢rift as long as needed, and the stone vill be carried throvgh to the 
Burreces 


Drilling is done with stozer machines, the drillers standing on the 
broken ore in the stope. Vertical noles 8 feet deep, three or four to a row 
across the stope and syaced 4 feet anart, are each blasted with four to six 
sticks of 40 ver cent gelatin dynamite. 
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Tne Colorada shaft is about 300 feet north of this stone. The .100. 
level is an adit level on the same elevation as tlie shaft collar. The stove has 
two vurnoses besides that of vroducing ore; the more important is to establish 
a break line on the side of the ore body next to ‘the shaft, that will nrevent 
the expected subsidence from extending to the shaft; the other is to provide a 
means of filling above the top-slice stopes to be worked from the 600 to the 
900 level. The. broken material in the shrinkage stope will settle down over the 
top slices, where otherwise dangerously large openings might form. Additional 
waste to keep the cut full will be es ad glory-holing on the surface on 
the up-hill side of the stope. 


To make a clean break line, the pillars on the 100, 200, and 500 
levels will be removed when the stope is finished. The one above the 500 may be 
stoped for ore by cut-and-fill mining, or, like those above, may be allowed to 
go for waste. They will be partly or completely removed by cutting the block 
with drifts and raises and Deets out aoe remaining small pillars. 


| Rill Cut-and-Fill. - The rill cut-and-fill or fillea rill stoving 
method is now accounting for 25 to 30 per cent of tho Colorada production. 
Figure 16 shows plan and sections a one Buco baSeORe on the 700 level. 


Here the: ore averages about 60. feb thick on the 700 lével and 40 
febt on the 600 level. It is hard and compact, mouse blocky, and stands vell 
over nae required widths. 


A drift was ie uen: about in the center of the vein and timbered with 
regular square-Sset timber. From it stulled raises were driven to the 600 level | 
for waste-fill raises. They were continued fron the 600 to the 500 level, 
where the waste is brought in. Meanwhile, ore vasses were raised from the 800 
to the 700 level at points halfway between the waste raises. The stove was | 
next silled out for its entire length at a height of 11 feet (one tor-slice -_ 
floor) above the 700 rail. -The ground was broken by breast stoping, carrying» 

a face the width of the ore and vulling the broken ore to the chutes with 
scrapers. At this time the 2 or 3 feet of ore above the drift timbering was | 
also talen out and a bridge cap placed over each set. A floor of 2-inch plank 
was laid in the stope, the extraction chutes were cribbed up to the back, and 
waste was. run in from the.500 level and spread to within 3 feet of the back. 
Mining was then begun by talking out ground on both sides of the waste raises | 
in inclined slices ll feet thic: and filling with waste after each cut, until 
the back of the stope was given the saw-tooth profile shown in Figure 19. Floor 
is laid on the slove each time after filling with Waste and before ‘starting ta. 
mine.. The floor consists of 3-inch plank nailed to other plank for sills. | 
With so wide a back the slope of the rills could not be carried steeply enough 
to run the ore into the chutes by gravity, because this would have formed & . . 
dangerous "belly" directly above the chute. Therefore scrapers and double-drum 
air hoists are used to move the ore and to spread the fill. ‘The broken ore ’ © 
drops to the motor chutes on the 800 level. Above the 600 level the ore is’ . 
not SO wide, and it ig expected wees the Breve can ne eatery increased and the ) 
use of scraners abandoned. 


; Drilling ‘is abné with Deuce ste drifter machines, mounted on 3 or 
4 inch columns. in advancing uy the slone of the rill, 10-foot holes svaced 


. oe 
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about 5 feet avart both ways and given the same pitch as the back of the stope 
break a 10-foot round across the width of the stcpe. Your ‘to six sticks per 
hole of 40 ver cent gele.tin dynamite with No. 8 céps and fuse.cre used. Con- 
siderable trouble is experienced with the ground's breaking in huge bowlders. 
Blasting with 60 ver cent dynamite corrects this to some extent... "Space blast- 
ing" with 60 ver cent dynamite which has given good results elsewhere is being 
tried as another means of breaking the rock more completely. The chief fault 
of the »resent method is that the explosive is concentrated in the bottom of a 
long hole. In space blasting, three sticts of powder, including the vrimer, 
are ta::ved in the bottom of the hole. A l-inch rowd stick of wood 10 inches 
long is inserted, the next stick of vowder is tarved on top of it, and so on 
until enough powder has been usede ‘The hole is then sealed with two or three 
sticks of stemming. As the holes are 1-5/8 to 2 inches in diameter and the 
spacers are only 1 inch, detonation is complete, yet the force of the exolosion 
is better distributed and fewer larger bowlders result. 


The extraction chutes are generally carried three comartments wide, 
and the scraper hoist is set uo directly over the center compartment. Thus, 
the hoist can serve both slopes from the same set-up merely by swinging around 
on its column, At the point where the outside compartiuents join the center one, 
the heavy ore has a tendency to cut avay the cribbing. To avoid this, swinging 
curtains made of old rail are placed over the tops of the chutes. The ore as 
blasted down is very coarse, so that only about two-thirds of it will go through 
the grizzlies without secondary breaking. Small -bowlders are broken with hammers 
and larger ones with compressed-air. concrete breakers. These machines use moils 
made of svecial alloy steel, with collars shrunk on instead of forged. The 
moils do not break, in spite of thé severe usage. The machine weighs 79 vounds, 
which makes it difficult to handle under the conditions. However, it is so ef- 
fective that it is considered almost essential, especially by the contractors. 
In addition to this work on the grizzlies, ‘Some plugging is necessary on the 
slope of the rill to break the largest slabs before attempting to move them 
with vas: scraper. 


Stope crews consist of ‘two. muckers and two miners on both shifts. 
One stope boss directs the work of three or four stopes. The same crews are 
given contracts both for mining and filling. 7 


+ Horizontal Cut-and-Fill. - The dept tintiuns of the horizontal cut-and- 
fill method is well illustrated in the stopes between the 800 and 1,000 levels. 
Figure 17 shows the stope. layout and haulage © drifts for part of the 1,000 levels, 
Stopes and pillars from the 900 to the 800 level are laid out exactly over those 
on the 1,000 level. ‘The typical stope ‘is 30 feet wide, from 50 to 160 feet 
long, and has a row of raises along the center line at 40-foot intervals. These 
raises, as well as the corresponding raises in the center of the pillars, are 
driven from the 1,000 to the 800 level as ‘stulled raises, except that they are 
cribbed for about 20 feet above the rail. As the 900-level stopes are to be 
worked at the same time as those on the 1,000 level and as-there is to be no 
ore haulage on the 900 level, the pillar raises are branched to tap the stope 
raises at the 900 level and will. handle’ the ore from those SEDER: i 


On the 900 level the stopes were silled ll feet steve the rail. On 
the 1,000 level, to vrotect the haulage drifts, the stopes were silled 22 feet 
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above the floor of the drifts (two top-slice floors). From the stope raises the 
Eroind is taken out to the side line on either side of the stope, giving a face 
6O feet wide and ll feet high. This face is now advanced by breast stoning. 
Figure 18 shows the method of drilling. Each row of holes consists of four or 
Five flat holes spaced 3-1/2 to 4 feet apart vertically. Some vlugging and 
secondary blasting is done, but most of the bowlders can be broken by hand, 
Favement breakers are used in these stopes for breaking large bowlders. Drill- 
ing is done with heavy drifter-type machines mounted on 4-1/2-inch columns. As 
in drifting, a universal clamp with heavy 4-inch pine for a cross arm is found 
more satisfactory than the rigid arm formerly used. With cross arms w to 
4-1/2 feet long three or four rows of holes can be drilled from one set-un. 


AS soon as a stope is large enough a scraver is installed to move the 
ore to the chutes (fig. 19); Single-line slushers have been used, but the ore 
breaks too coarse to be moved by a light, hand-held scraper. 


The extraction raises are built. uo directly under the stulled raises. 
The manway side of the raise is cribbed throughout with 4 by 10 inch timber. 
The chute side is timbered with 10 by 10 inch cribbing for the first 50 feet 
and above that with 4 by 10 inch cribbing. Chute lining is unnecessary with 
the large size of cribbing, whereas when the lighter timber was used the chute 
not only had to be lined but the lining had to be replaced once or twice during 
the life of the stone; this caused delays and used almost as much timber as is 
used under the present plan. The chute compartment is covered with a grizzly of 
5O-pound rails, and the ball and rib are cut off at the ends and the base bent 
down to fit over the outside of the cribbing. Grizzly openings are 10 inches. 


The manway is kept covered with timber, leaving just enough room for a man to 
get through. 7 7 


When the breast has’ advanced past a second raise, the first vart of 
the stone is cleaned out anda floor of 2 by 10 inch plank 10 feet long, nailed 
to 4 by 10 sills is laid. ‘the siils are placed parallel to the direction in which 
top-slicing will advance underneath. Gob fences are built around the stone, ex— 
cept on the waste sides. ‘These are made of 2 by 10 inch nlank, nailed to other 
plank in place of posts. ‘The space between the fence and the wall is filled 
with ore. The grizzly rails are now removed from the chute, the extraction 
raise is cribbed up to within 3 or 4 feet of the back, and both comartments 
are tightly covered with heavy timber. Generally the outside of the raise is 
covered with light s¢rap timber to keep waste out and to give additional rigid- 
ity so that the falling‘waste will not shift the raise out of position. 


Fill is run in through the waste raises and spread by scraper and 
wheelbarrow to within about 3 feet of the back. ‘The waste from the Colorada 
glory hole is hard and ‘coarse, but the smaller amount vroduced by the Kirk 
glory hole is fine and Wheh available is used for the too foot or two of fill 
for convenience in leveling and laying floor. 


After filling, a temporary flooring of 3 by 10 or 3 by 12 inch plank 
is laid on the waste and the second cut started. The method of drilling and 
blasting is different now from that described, as the ore has a free face under- 
neath. Flat holes 5 feet apart horizontally and vertically, 12 feet long, and 
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drilled straight into the face break the ore readily; four to eight sticks of 
40 per cent powder are used per hole. The only difficulty is to break the ore 
fine enough ta handle. Where it has a tendency to come down in large slabs 
and blocks, small timber cribs are built up from floor to back and tne ore is 
blasted down against their sunport. This tends to eliminate the huzh bowlders. 
In the future, snace blasting will be used in these stopes, as well as in the | 
rill stopes, Occasionally cribbing is needed behind the face to sun vort the 
back. Carrying the back 2 or 3 feet higher in the center than at the sides 
gives an aeee that reduces the trouble from loose back. | 


Top-81 icine. - In the Colorada mine, top-slicing will be applied to 
mining pillars between finished cut-and-fill stopes. These pillars will be 
40 or 50 feet wide and 60 to 100 feet or more long. ‘They will be already partly 
developed by drifts along their center lines and by raises from tnese drifts, 
generally at 40-foot intervals, In addition, some of these raises will have 
inclined branches or fingers extending toward the edges of the pillars which 
have been used for drawing ore from the cut-and-fill stopes on the level above. 
Above the 900 level the pillars will be only 40 feet wide and disconnected. 
Above the 1,0C0 level, as shown in Figure 6, they will be 50 feet wide and 
spaced 30 feot apart along a central 40-foot pillar mate runs through the long 
dimension of the ore body, . 


‘These blocks will te mined in one or two sections, denending upon the 
-mumber of working places desired. One or two headings, therefore, will be 
driven lengthwise through the pillar on the top floor, intersecting the raises 
of the fingers, and past the end of the block into country rock where they vill 
eonnect with @ permanent manway raise. They will be driven as small as: possible, 
about 3 or 4 by 6 feet, leaving 5 feet of solid between them and the filled or 
caved stope above. Mining will be started at the end of the heading away from 
the manway. A 5-foot cut, 11 feet high (the standard height of top-slice floors), 
will be carried from the heading to the old fill or the dead line on either side. 
. The sills of the old floor will be caught w by 8~-inch round posts and head 
blocks. Long head blocks are used to spread the weight. Posts are stood on 
the ground without foot blocks. Another 5-foot cut will now be drilled and 
blasted. Slushers will be used to move the ore into the civtes. After each 
cut, or as often as an area at least 10 by 10 feet is available, floor will be 
laid consisting of 2-inch plank 10 feet long nailed to doubled sills of the 

game material. ‘The sills are laid parallel to the direction of advance of the 
stope for convenience in picking them up when taking out the next floor. Two 
to four cuts (10 to 20 feet) will be taken out before shooting down, depending 
upon the weight that develops. In preparation for this, a light gob fence is 
‘built consisting of 2-inch plank nailed to the row of pvosts nearest the face. 
If the stope is being worked in two sections, it will be necessary to carry 

one section 30 to 40 feet ahead of the other and put uw a similar fence along 
the dead line before shooting down the advance section. All posts excent those. 
in the gob fences will be drilled with air augers and blasted with a stick of 
powder each. These shots are timed so as to bring the floor down as smoothly 

as peaeere? and more or less intact. 


ae Headings are started on the floor below as soon as possible, 80 
that when the first floor is finished mining can be started at once on the 
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floor below. Possibly two or more floors may be worked at one time. In that. 
case, it would be necessary to keep the lower floor at least 40 to 50 feet. 
behind the unper to avoid interference. When two sections or two floors are 
being mined close to each other, it is desirable to arrange the work so that 
they can be shot down at the same time. Otherwise the jar and vressure adjust- 
ments caused by one. coming down may cause the other to drop before it is in-. 
tended. ifanways in the raises will be maintained for bringing in timber and 
for entrance to the stope, thus giving at least two exits from each. working. 
place and aiding ventilation as well. It is believed that in these.stopes both 
shifts can drill, blast, mucke out, and tiaiber a aici ous across bhe- stone. 


Waste Glory Holes. — . Waste for filling. the. Gaeeeet out-and-f111 
stoves comes from several: sources. ee small amount, averaging about. 200. tons 
per day, comes from development: work: This.is hoisted on.the cages.to the 450 
level, dropped in a pocket there, and ‘hewicd by:one-of the waste transfer 
raises. Rock from any, incidental surface excavation. in. the mine. yards. is used 
for fill. An old dum near the Kirk ghaft.is.being. ‘used: for the same »urpose, 
loading the rocker dump waste cars with: an‘ air-operated shovel. or. ‘with. a drag-. 
line scraper. All. these are sources: of finely-broken material which is easily 
handled and spread, and which, PneLeTOres vines peer he ds used for. the last 
foot or two of fill ina stope. - °°: | ee ae Le : ph 

Another source of similar material is the Kirk open-cut. A short 
tunnel runs from the Kirk shaft™to. the: Colorada ore bins,:...Cuts were started at 
both vortals and the broken rock was: nulled :throveh; chutes:in the tunnel. . As 
the cuts advanced, chutes were put in. ahéad of them at 10-foot.intervals and 
staggered on opposite: sides of: the drift. - The rock is limestone already heavily 
shattered, so that it breaks: finely. The maximum averburden is about 75 feet. 
Nine or ten men ‘work here on day. shift ‘only,: and sywpvly about. 310 tons of waste 
per day to the chutes. This costs about 13 cents per. ton... | 


: About half of the waste, or avproximately .500 tons ver day, comes 
from the 5-10 glory hole. This is on:the hillside.above the fan house at the 
portal of 5-10 adit. Two vertical raises, 70 feet apart, have been »ut up from 
the adit to a sublevel 50 feet above, offset there, and continued to the surface 
They were driven as stulled rdises, the first of which was 100 feet and the 
second 150 feet in height above the sublevel.-: After holing through, they were 
enlarged to about 10 by 10 feet in section above the sublevel to allow large 
bowlders to pass through, and to 8 by-12 below the gublevel for pocket capacity. 
Grizzlies were installed on the sublevel (fig.20). . The raises were next belled 
out at the top, and glory-holing started. -Ten-foot. down holes are drilled with 
jackhammers and blasted with 40 per cent gelatin...-Most of the rock is thrown 
into the raise by the blast, but some which is.broken but not displaced is barre 
down by hand. The men wear safety belts when working in the pit. Work is car- 
ried on here on day’ shift only. The crew consists, of a jigger boss and 10 to 20 
men, four of whom work part of the time.in the bulldozing chambers. The rock, a 
diorite porphyry, is hard and breaks coarsely, se that-orobably a quarter of it 
has to be brolcen on the grizelies..- This is done with hammers, pavement breakers 
or by plugging and blasting, . During: one month this glory hole produced waste 
‘at an estimated cost of ae 0983 ver ves beta to the chutes in 5-10 drift. 
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The labor amounts to 0.229 man hours per.ton (34.9 tons ver man-shift) and the 
powder consumotion ‘4s 0.12 pound per ton.: 


age. - The major part of hie Capote ore body between tne 700 and 
the 1,500 levels has been mined by various caving methods. By 1916 the ground 
above the 700 level had been worked out by square-setting, shriniaze, and ton- 
slicing, and had been caved to the surface. From 1916 to 1923 considerable 
areas betveen the 700 and 1,000 levels were caved by .a shrinkage stove and 
pillar method. Shrinkage stopes 8 feet wide separated by 12-foot nillars were 
laid out. over the entire area to be mined. Starting from pony sets over the 
tramming drifts, the’stopes were split to leave nillars over the drifts and 
then were carried uo vertically for 50 or 60 feet. .:Sometimes they were mined 
to the level: above, and often a long narrow stope was carried uo at one or more 
sides of the ore body to delimit the area caved. As the stoves went wm, the 
_ dillars between were weakened or entirely broken through, until the ground 
above began to drop. Stoning then ceased, and the caved ore was drawn out 
through the chutes and hand~trammed to the shaft. This method was successful 
in that it caved the ground. However, it required the actual drilling and 
breaking of a large proportion of the ore in the block and often caused loss of 
ore. or considerable dilution due to the failure of the pillars to break down: — 
entirely between the stopes.  e a 


_ In 1924 a section of the ore body between the 800 and 900 levels 
about 75 feet wide and 150 feet lonz was mined by undercut caving. <A narrow. 
shrinkage stope entirely surrounding the tlock was carried from the fourth 
floor of the 900 level to. the 800 level, or about 70 feet. ‘The plug of ore 
thus cut off. was undercut on the fourth floor by driving small untimbered drifts 
across it and blasting out the pillars meee The ore was drawn out through » 
numerous chutes on the 900 level. aan , 


The area directly Seley this was caved in 1925 vartly by undercutting 
with drifts. on the third floor and:partly by belling out and blasting down 
rows of raises eEeeee at 10 or 15 moos eoenvene BORE: the tramming drifts.: 


F On .the l, 300, 1 »400, and li, 500 Pevete ‘ne methods of caving have been 
alike. A fringe drift is driven around the ore body on the level, and tramming 
drifts at 40-foot centers are driven through from one side to the other. These 
drifts are timbered with 10 by 10 inch sets spaced 20:inches center to center, 
often with double caps. Ten-inch blocks are used for collar braces. Chutes 
are svaced 15 to 20 feet avart and stazzered on onvosite sides of the drifts. 
One-commartment raises are carried un from these chutes to the fourth floor, © 
20 feet above the rail, sometimes vertically and sometimes inclined away from - 
the drifts to reach anvroximately 20-foot svacing on that floor. On the fourth 
floor untimbered drifts about 4 by 6 feet in section are driven parallel to the 
tramming drifts at 20-foot°intervals and are connected by others at right 
angles. In very soft ground alternate subdrifts are omitted to give larger - 
pillars, as the.small villars crush too soon. The tops of the chute raises 
are belled out and the pillars drilled and blasted, starting at one end of the 
block and retreating to the other. ‘No boundary shrinkage stopes are necessary. 
However, at 30-foot vertical: intervals small untimbered drifts are run around © 
the edge of the block to create a line of weakness to which the ground will | 
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cave and thus reduce dilution from the waste or low-grade walls. Dravinz com- 
mences from the chutes as soon as the block begins to cave and is continued as 
uniformly as vossible until wasté is reacked. The ore appears to "nine! very 
readily, Consequently, when a chute’ bezins to run waste, another chute is put 
in close to it and a raise is driven to the broken ground, This chute will 
freauently produce ore for a considerable length of time, Generally the ore 
breaks very finé, so that there is little or no blasting in chutes. It is 
drawn into l-ton cars which are hand-tranmed to the shaft or made into trains 
_ for the electric locomotive. 


UNDERGROUND MRANSPORTAYION bee xy 


. Haulag ) 


‘Both hand-tramming and motor-haulage are waned in the vroducing mines. 
All hand-tramming is done with 20-cubic-foot -(1-ton) end-dum cars veighing 
1,060 pounds. These run on 18-inch gage track made with 16—-nound rails laid 
on 4 by 6 inch ties 4 feet long and svaced 2 feet center to center. Switches 
for hand-tramming are of the solid tyve; the cars sting one way or the other 
as they strike the switches. Figure 21 shows the traci: layout on a shaft sta- 
tion for running cars on and off cages. Figure 22 shows standard turnouts for 
timbered hand-tram drifts. Almost all hand-tramming from stoves is done by 
contract trammers, who are paid a flat rate (20 to 25 centavos) per car from 
any chute on a level to the shaft station. The average performance on the 1,000 
level at the Colorada, for instance, where the average tram is about 800 feet, 
is 25 cars per shift, thouzh a few of te trammers will make as many as 40 
under the same conditions. : 


Some waste haulage is now being done on the 700 level of the Colorada 
with two 1-1/2-ton Storage—battery locomotives and l-ton cars. These locomo- 
tives vull trains of five or six cars. Most of the waste comes from one chute. 
Six stoves are served by these trains, which may be“operated on one, two, or 
three shifts, cenending won the need for waste fill in the stopes. Each loco- 
motive has & spare battery to permit continuous operation if desired. ‘The 
charging station is on the 700 level, and is equivped with two 3-kilovatt motor- 
generator sets and four charging racks. The usual charging veriod is about 
four hours. 


These motors are now averaging about 65 tons ver motor shift, but 
commonly handle as much as 100 tons when required to do so. ‘The average haul 
is about 400 feet, 


Four-ton gable-bottomed cars hauled by 4-ton trolley locomotives are 
in use on the 800 level of the Colorada for ore haulage. The 1,000 and 1,200 
level will be similarly equivped. The cars (fig. 23) hold from 3.5 and 4.0 
tons of ore and weigh 4,240 vounds empty. They are coupled by links and pins. 
The locomotives are the reel type of gathering locomotive, with a single pole 
trolley mounted on the side and one end control. 


Because of the shane of the ore body on the 800 level, loop haulage 
could not be used without unverranted expense. For this reason a reel locomo- 
tive was decided upon, as it eliminated the necessity of having a great many 
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trolley switches and also: the trolley wire in front of chutes. On the 1,060 
level, loop haulage with trolley locomotives is used, and chutes are therefore 
placed on only one side of drifts. In front of chutes a secticn of the wire 
is insulated from the line, and the power is carried by a cable. 

Permanent track for these nawiage levels is usually laid rv svecial 
track crews. The light track used with l-ton cars in the preliminary develon- 
ment work is replaced with 30-pound rails laid to ld-inch gage on 6 ty & inch 
treated ties 4 feet long and snaced 2 feet center to center. Sometimes these 
ties are nut in during the first development work so that they do not nave to 
be replaced, ‘the rails are bonded with soldered-terminal catle tonds vressed 
into holes drilled in the web of the rails. ‘When possible grades are sct at 
one-half per cent in favcr of the load. Curves have a minimum radius of go 
feet and standard turnout timbering | is used. Split switches are used for all 
motor-haulage turnouts. | 


Two locomotives on the 800° level haul trains of six to 10 cars from 
ore vasses or stone. chutes. The crews consist of @ motorman and two nelpers. 
Ordinarily the cars are spotted -inder ‘the chutes and loaded without uncoupling 
the locomotive. Figure 8 shows the standard stove chute. The averace haul 
to the shaft is about 600 feet. A man stationed at the shaft pocket assists 
in unloading the train, samoles and tallies: the cars, and cleans the srizcly 
and track. <A loop drift around the shaft makes it unnecessary to uncourle 
the locomotive for the return trip. The cars are vulled slowly ever the srizcly 
and SDE ELE in motion. : 

The pocket seis are enetractsa at 50-pound rails’ vent down 
over the 12-inch I-beam girder which sunporte the track end is bolted at the 
ends to the concrete tep of the pocket. the pocket on the €00 is 10 feet 
wide and 40 feet long at the top. It is divided into two parts by a 10-inch 
reinforced concrete wall. Oné-half is for first class, the other for second, 
and each has a capacity of about 190. uoas of ecconeceres ore. 


The 500 even of the eaieas is now entirely equinved with 36-incrk 
gage track. ‘The cre cars in use there were formerly used in the Oversight 
and the Veta mines, anda few are still in use’on the 200 level of the Veta. 
They are of the bottom—dimp tyne with a-level cavacity cf 135 cubic feet. At 
the Colorada they average 7.0 tons of ore per car. They are fitted with auto- 
matic 3/4-sized railroad-type couplers and spring draft rizging. The trucks 
have the wheels attached"rifidly to the. axle, and are mounted in spring- 
suspended hal f-crown bearings, The rigid wkeels are tne cause cf excessive 
wear on the rails around curves, ani may be the cause of occasional axle -treak— 
ages ~* New equipment avout to’ be applied to these cars consists of trucks with 
locse wheels and tapered roller. eee : 


The locomotive used for ore haulage on We 500 level is a 10-—ton, 
2-motored, center-control locomotive. ‘Three oF a sese are used.on tne 500 
oe one for ore aus two" — asa Ts . 


The 500- level tradi is of 30-pound rail aia. to 36-inch gase on 
treated 6 by 8 by 6 fost ties spaced 2 feet center to center. The minixum 
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curve radius on this level is 60 feet. Grades are one-half per cent in favor 
of the load, 


The ore comes from a pocket at-the shaft. theese pockets provide 
storage for about 200 tons of first-class ore, 650 tons of second-class ore, 
and 175 tons of waste. The loading chutes are similar to the stope chutes as 
regards timbering and control gates. They are line:\. however, with 1/4-inch 
steel plate, and are spaced sc that tro chutes load one car and the next two 
chutes the next car, eliminating a great deal of spwtting. The ore runs freely 
and no blasting has to be done. Normally 10 to 15 minutes are required to lead 
a train of 12 cars. The ore bins at the surface are of timber construction 
and have a total capacity of about 300 tons cf high-grade and 1,700 tons of . 
mill ore. 


The trains are made w of 12 cars, witch are never uncouvled. ‘The 
track over the surface ore bin is laid out in a loop, so that the motor remains 
at the front. end of the train without switching. In the mine the motor has 
to be uncouvled and changed to the other end for each trip. This is done ona 
double track under the loading pocket. 


~The train crew consists of a motorman and.one or two helpers. A man 
is stationed at the loading station and another at the ore bins outside. These 
men clean the drifts and srizzlies, assist in leading or-unloading, and are 
also the train dispatchers. Telephones are used to obtain the right-of-way for 
any train or car passing through the main adit. ‘Ore trains are given the prefer- 
ence. 


During a esecnk normal period of five weeks this train hauled over 
1,000 tons in cne shift. The distance from shaft pocket to ore bins is 3; 200 
feet, 775 of which is on the surface. , | 


During the same period referred to above, an average of 900 tons of 
waste per day was hauled to waste raises on the 500 level. This werk is done 
with 4-ton rocker-dunp cars and a 10-ton trolley locomotive. ‘The cars are of 
70-cubic-foot capacity and weigh 5,300 pounds. The trucks have loose wheels 
and are mounted in spring-susvended tapered roller bearings. The cars are also 

equivved with 3 /4- sized, automatic, railroad-type couplers and spring draft 


rigging... 


The waste train coming from the Kirk glory ete eaves in part over 
the same line as the ore train; the total distance, however, is about 4,200 
feet. Waste from the main zlory hole over the 5-10 adit is trammed only about 
2,000 feet. At the Kirk the cars are loaded one at a time under ordinary stope 
chutes. At the 5-10 adit there are two loading stations, one under each bull- 
dozing chamber. Fach has two chutes similar to those under the ore pocket at 
the shaft. 3 


A waste train crew consists of a motorman and two helvers. 


The cars are estimated to hold 3 1/2 tens of the Kirk waste. The 
ain aultine from there is usually made up of six to.10 cars and works three 
B-hour shifts per day, averaging 50 cars or 175 tens per shift, with sometimes 
as mach as 75 cars per shift. In additien, this train handles 10 to 20 truck— 
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loads of timber and other swmplies from the Colorada vards to the shaft. ‘he 
trucks for this sérvice are all-stcel platform trucks with decks 4 feet 6 
inches wide, 12 feet 0 inches long, and 2 feet 6 inches above the rail. T:.e7 
are equinped with tavered roller bearings. 


| The rocker-dum cars hold 4 tons of the coarser waste from the 5-10 
chutes. The train hauling from ther2 works only on the regular day and night 
shifts. With a crew of one motorman and two helpers, it hauls an average of 
60 cars or 240 tons per shift, and often as many as 100 cars. The train is 
made up of 10 cars. | 


Sometimes fine material builds w in the bottom of the rocker—dumo 
cars and also in the small 20-cubic-foot cars. Compressed-air clay digsers 
are used to clean out this material, and cazse much less wear and tear on the 
car bottoms than results from the use of 8-pound hammers for the same nurvose. 


Hoisting 
Waen the devclovment of the mine is commoleted, all ore will be 
hoisted in skips from the 800, 1,000, and 1,200 naulase levels. Ore from 
stopes on other levels will be dronped through ore vasses to loading chutes 
on those levels. At present, Howaver, a large proportion is veing veeumned 
in l-ton cars to the shaft and cased to the 450 level. 


Two compartments of the siuaft are devoted chiefly to this tyve of 
hoisting. The cages are tnres-decked. The unper decx is equipped with a roof 
and safety dogs, and weighs 4,100 pounds. The two lower decks are alike; each 
weighs 2,200 pounds, thus making the total weisht of the cage 8,500 nounds. 

The cage holds 27 men, nine to a deck, or three l-ton cars. It is operated ty 
a double-drim, 72 by 72 inch, electric hoist on the surface. The drums are 
grooved, holding 2,500 feet of cable in something over two laps. Tne cable is 
standard lay 6 by 19 and 1-1/8 inches in diameter, ‘The hoist is driven through 
herringbone sears by a 400-hp., 2,200-volt, induction motor with a sveed of 

595 repem. under full load. The hoisting speed is 1,000 feet per minute. The 
hoist is equipped with a safety device which prevents overspeed or overwinding, 
and anplies the brakes in case of current failure. <Anotrer safety mcasure is 

a mechanical interlocking of tne control levers in such a manner that the 
clutches can not be thrown out while the brakes are off. 


This hoist is now lifting about 475 cars of ore and waste ver day, 
running on three eight-hour shifts, in addition to lowering and hoisting the 
shift and handling some timber and other sw plies. 


One-ton cars are hoisted to tne 450 level, trammed about 50 feat 
across thé station, and dumoed into the pocket for the motor haulage. Regular 
lever-operated landing chairs were installed in the shaft, but these have been 
abandoned in favor of a device consisting chiefly of-tnree heavy links of 
chain. The links are attached by an eye-bolt and nut to a heavy bracicet fas— 
tened permanently to a shaft post near the edge of the shaft and about 3 feet 
above the station floor. The cage’ is fitted with a heavy solid hook near the 
floor on one corner post. As the cage is lovered slowly to the station level, 
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the cager swings the chain toward the shaft so that the lower link engages 

the hook on the cage, which then comes to a stop at exactly the right position 
for unloading the car. ‘hen the cage is ho.sted, the enc in discngagzes itself 
automatically and swings into the clear. Waon hoisting from that level is 
finished for the time, the cager disconnects the cl.ain aiid takcs it to the 
next level. This is simpler and just as quick to operate as tie old-fashioned 
chairs, and eliminates repairs and possible shaft accidents. 


The hoisting, for eacn shift consists of a hoist engineer and an oiler 
and two cage tenders. In additicn, four men work on the 450 station tramming 
to the poclcet. 


Siin-hoisting is done with a hoist identical with that operating the 
large cages. Power and hoisting speed are the same, 


The skip-loading devices on the 800 and 100 levels consist of two 
measuring honners and two storaze hoppers. Air-operated, down-dronping, verti- 
cal steel gates allow ore to run into the measuring hoppers, one below the 
mill ore chute and ore belcw the hish-grade chute. Under the hoppers is a 
tilting slide which can be thrown to divert the ore from one side to the other. 
Below the slide are two storage hoppers, one for either compartment. The ore 
remains in these until the skips are poottea. and then other vertical-sliding 
air-controlled gates are raised, allowing the ore to drop into the skips. 

These lower hoppers were put in vartly to prevent the spillase and wear on 

the skips which would be caused by dropping the ore the consideratle distance 
from tne unper chutes and over the slide to the skip, and partly because load 
ing can be done more promtly and rapidly. Only about five seconds is needed 
to load a skin. 


Tre skin is a standard for all the shafts in the district. [It is 
4 feat by 2 fect 10 inches inside, 6 feet 4 inches deep at the front, and 7 
feet at the tack. Its level-full capacity is 75 cubic feet, but only 50 cubic 
feet is uscd in vractice to eliminate any svillage due to slight overloading 
at the vocict or to the sock vnich the skiv receives won envering the duming 
cradle. The skip is equipncd with the usual eccentric, tootnedc-can, safety 
dogs. Its reisht is 4,550 pounds, and the vsual load is 3.5 toas of ore. The 
skip dums ctout 130 fect anove the 500 level into an inclined steel chute 2 
feet 5 inches by 3 fect 6 incues in section and made of 1/4-izch plate. This 
chute drovs cn a 4E? pitch to 2 point directly over the motor-haulage pockets. 
Taere tie ore is thrown to cither the firs* or second cla3s noclet by ineans 
of a diverting gate. The floor of the chute is lined vith ola rail, and just 
above the diverting zate the ore hits a swirsing curtain made of old rail, 


which checks its speed. 


The crew on the sitin hoist on each of three shifts consists of a 
hoist entzineer, an oiler, and two skiv teniers. The average hoisting duty 
now is about $50 skins ver shict, though orten as many as 450 tave oceen 
hoisted in one shift. 


A double-drum, double-geared electric hoist is used for the dincey 
cage in the Colorada shaft, the cages in the ventilation shaft, and several 
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other installations in the cam. The drums are 42 inches in diamcter and 20 
inches wide and are grooved for 3/4-inch rove. The motor is 112 horsenovwer and 
the hoisting sneed is 495 feet ver minute. As manufactured it was equiinp2d 
with dand brakes, but in several cases these have been vevlaced by vost brakes. 
Brake shoes are cut from l-inch boiler nlate and fitted with argle irons to 
which the braze band is attached. bestos trake blocks are giving exccllent 
service in nlace of tne besswood formerly used. This irxist is very satisfactory 
to depths of 500 to 600 fcet and is often used for considerably csreater denths. 


COMPRESSED-AIR SUPPLY 


| The present sunply of commressed air for the ctm comes from trrce 
sources. A large steam—driven commressor at the smelter at Ronquillo and 
electric-driven machines at the Sierra de Cobre and Coloraija are all connected 
to the same lines. 


The Ronquillo compressor, with a cavacity of avvroximately 4,500 
cubic feet ver minute, is connected to the mines by a 10 and 12 inch vive 
line as far as the Veta Grande, and thence to the Colornda by a 6-inch line. 
The latter section is known to te the cause of a serious pressure dron and is 
to be revlaced by larger pive. 


On the surface at the Colorada shaft is a twin angle-commound direct— 
connected compressor, 22 by 13 by 14 inches, driven at 225 r.n.em. by a 2,200- 
volt, 450-hp., synchronous motor. Its capacity is 2,200 cubic feet ver mintte. 


At the old Sierra de Cobre are two horizontal duplex compressors. 
One is 17-1/2 by 22 by 21 inches driven at 1&0 r.p.em. by a direct—connected, 
4e2—hp., 2,200-volt, synchronous motor. Its capacity is 2,874 cubic feet per 
minute. The otner machine is of the same make and tyme tut with cylinders 
16-1/4 by 23-1/2 by 24 inches, driven at 180 r.pem. vy a 350-hp. induction 
motor. [It has a capacity of 2,430 cubic feet ver minute. 


The Colorada alone is now using anproximately 6,9CO cubic feet ver 
minute for about 75 drills and 10 scraper noists in actual daily operation. 
Air is delivered to these machines at an average vressure of 85 pounds per 
square inch. 


PUP ING 


No large amounts of water are contended with in any of the mines. 
The Capote is now numping 1,100,000 to 1,200,000 gallons per day, or 750 to 
S50 gallons per minute. Practically all of this is collected on the 1,500 
level and pumped to the 1,200 level, from which it is relayed to the surface. 
In the 1,600 pum station there are three two-stage horizontal centrifugals, 
6 by 5 inches, driven at 1,760 r.p.m. by 150-hp. motors. Their rated capacity 
at 500-foot head is 500 gallons per minute. The actual head is about 410 
feet. On the 1,200 level there are three 5-1/2 by 12 inch triplex vumps with 
capacities of 370 sallons per mimate at 60 r.p.m. Tne are driven by 125—nhp. 
motors. A fourth nump on this level is a 6-1/2 by 14-inch trinlex vivo driven 
by a 150-hp. motor. This wnit has a capacity of 300 gallons per minute at 
Of TeDeMe Tune head on the 1,200 level pumps is 1,100 feet. 


7173 - 34 ~ 


SUVLIG WDNidida 


<< ve sa — a — -— 


amuags> pvr 2z2ia 


Laas awoec 1D pefuay spuryay ity 


@AIEA 1004 9 O 
PRR ar fe OM mogiaa1> ¢ 
ANIN vavaol02 v1 “aA 7 fers ters] PPL eae oad a Ve 
OO] NO NOILVLS dWod -%2 aaNSis ~™ [Tel i eek 
jf4F4e" O-Ere 
@AIEA FIED D> C 
BAIEA FOPUD DD 2 
J@ONpPey MOGiZ ®*s¢ | 

Pee .o0g - s eB 90¢ 2 

awng We > 4. 2d L ¢-® a s | Pe 9 
SUNVL ONIILLIS HONOSHL NOIL3a¢ 7 ~~ 
"SNOILVLS C06! 40 Nv 

r SRP SO ES A TL cS 


i 

la 

iy } paeeke! 2 if 405 SYors$p 
a 


] ee 
| ——_ ' Sm ee ee 
2 O1724 Se or Biko -Z +: ore avin 


2) . : 2: i ) 
| . ors olz v = - — ; all 
- UM!4BS dung ) : 
Px . . D * * * . ® . o } 


: --e0- i ee 


~ 9-65 9-sS B Se oi 


-—— 1)9 10-¢ 


1.0. 6247 


In the Colorada mine all the water is pumved from the 1,300 level to 
the 900 and thence to the 500 levels, where it flows out the main adit to the 
surface. Figure 24 shows the 1,300-level pwm station. Only two units have 
been installed, but the foundation is ready for a third snould it be needed. 
These vumps are 6 by 5 inch, horizontal centrifugals identical with those on 
the Capote 1,600 level. Two gf tne same pumps are installed on the 900 level. 
The actual head on both the 1,300 and 900 level pumos is 500 feet. The flow 
of water in the mine has increased stcadily during 1929 from 56,000 gallons 
per day in January to 120,000 (83-1/3 zallons per minute) per day in September 
partly because of flows of water encountered in a long prospect drift being 
driven on the 1,300 level. The present flow is handled by one centrifugal 
pump on the 20O and one on-the 1,300 level, which run an average of 4 hours 
per day. it is the experience of the district that very large temporary flows 
of water may be struck when least expected, and the mines are therefore 
equinvnved to handle much more than the average flow would seem to require. 


The Veta Grands is the only mine now operating in which any relation 
can be traced between the monthly rainfall and the amount of water vumoed. 
Two vumms are handling about 94,000 gallons per day (65 gallons per minute). 


- One is a 5-1/2 by 9 inch triplex, and the other a 6 by 9 inch vump. Both are 


driven by 25-hp. motors and have capacities of 175 gallons per minute. The 
average oumving time is about 10 hours per day for one pum. 


VENTILATION 


Ventilation of the Colorada mine is provided by a reversible 70,000- 
cubic-foot fan at the portal of a 500-level adit. fhe air intakes through the 
main haulage drift on the 500 level and also down the Colorada shaft, the two 
streams joining at the shaft station. Air from the shaft passes across the 
several levels by way of the haulage and development drifts and uocasts in 
an air raise on the opposite side of the ore wody. Regulating doors between 
the working areas and the air raise control the amount of air coming off on 
eacn level and create a vressure difference that causes circulation upward 
' through the stopes from level to level. 


a Figure 25 shows the air-operated ventilation door used on motor- 
haulage levels. The control levers are nlaced at the side of the drift, more 
than a train's length away from the door, and are connected to the valve of 
the air-cylinder wy 1/4-inch wire rope. 


The three thicknesses of board make a strong and tight door, but 
must te laid symmetrically. A diagonal layer in the center was tried, with 
the idea of, making a stronger door, but it was found that this caused decided 
warping. The door closes into a recess in the frame to reduce leakaze around 
the edges. When a water ditch is required, it is concreted under the door 
frame. A small canvas curtain with a strip of wood at the lower edge to 
weight it down is then hung fron the door to the bottom of the ditch. When 
water is flowing the wood floats but still holds the canvas to the surface of 
the water, thus preventing air leakage. 


The clear area of the Colorada shaft is 100 square feet, exclusive 
of the manway compartment. The 500-level haulage adit, which is a main 
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intake, is at least 8 by 8 feet in section, and is generally larrer. oDrifts 
on other levels are at least 6 by 8 feet in the clear, whether timtered or 
untimbered. The air raise has three comartments 5-1/2 ty 6 feet inside, two 
of which are used as hoisting cormartments; the third is a manway with land- 
ings at every 16 feet. <A tunnel 8 by 8 feet in the clear, untimtered, leads 
from the ton of the air raise to the fan. As snown in Figure 4, the ventila— 
tion system is not complete to the 1,300 level;-the 1,000 level is the lowest 
now connected to the air raise. Development raises serve to ventilate the 
lower levels until the air raise is finished. 


ACCIDENT PREVENTION, FIRST-AID, AND MIDE-RESCUES TRAINING 


safety First work at Cananea is in charge of a Safety-First director. 
After daily trins through the mines and plant, he makes written revorts to the 
‘Mine sunerintendent on the condition of each working vlace as regards safety. 
The existence of fire hazards and the condition of mamways, ore passes, grizz— 
lies, shaft stations, drift timber, powder magazines, and machinery are anong 
the items noted in these reports. Falls of rock are the greatest accident 
hazard at oresent, and emphasis is laid upon barring down before starting work. 
All machinery is fitted with safety euards. Small hinged grizzlies cover tne 
tops of all timber slides. Men working where serious falls might occur are 
required to wear safety belts. Goggles are worn when breaking rock with han- 
-Mers or moils. Hard-boiled hats are compulsory for all persons going under- 
ground. As an added incentive, jigzer bosses whose crews work 1,000 man-shifts 
Without a time-lost accident are paid a bonus. 


Ancthner phase of the safety director's worl: is the training of men 
in first aid. Special attention is vaid to the stopping of arterial bleeding 
and the use of artificial respiration. The course consists of eignt or 10 
lessuns. Tne classes are held outside working hours, but with extra comoensa- 
tion for tne men who attend. All bosses in the mine carry first-aid kits and 
are commetent to use them, and several hundred men have likewise been given 
the first-aid course, 


Tie ores being mined at present are generally low in sulvhide, so 
that no fire hazard exists from heating and burning of, the ore. Eowever, con- 
siderable attention is paid to the prevention and combating of possible fires 
from other sources. <All of the vermanent timbering is now done with treated 
timber, which is fire-resisting. The shaft was sunk before the treating plant 
was in operation, however, and only the skip compartments, added at a later 
date, have treated timber. The snaft is therefore protected in other ways. 

A line of sprays is installed in it at 25-foot vertical intervals. Tnese are 
turned on at intervals to keep the timber nermanently wet. For flooding the 
shaft in case of fire, one water line at the collar can deliver 309 gallons 
per minute and another at the 500 level can contribute the same amount. These 
are fed from two storage tanks on the surface. Above each station a 19-inch 
ring of concrete has been poured around the shaft and extends from the rocx 

to the outside of one set. The concrete will prevent a fire from working wo- 
ward baci of the wet lagring and will also bring inwater which may be running 
down the walls. Fire hydrants and hose, as well as chemical extinsuishers, 
are installed on each shaft station. These are tested periodically. 
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The shaft can be completely cut off from the mine workings by means of 
steel fire doors near it on every level. These can all be closed at once by 
opening an air valve at the surface or at the 500, 800, or 1,000 level stations. 
In case of fire in the shaft, the doors would be closed and the fan would te 
reversed, thus putting the shaft under pressure and keeving the smoke and gas 
out of the mine. Men could then escape by way of the air raise and ventilation 
tunnel on the 500 level. | | | 


Junction boxes and electric switches on the shaft stations are en- 
closed in concrete boxes. Inflammable waste material is not allowed to accu- 
mulate in the mine. Each electric locomotive carries a small extinguisher. 

If fire occurs, ethyl mercaptan can be put in the air lines to warn men to 
come out of the mine. Finally, about 40 men have been given training in mine- 
rescue work and the use of oxygen breathing anparatus. 


WAGE, CONTRACT, AND BONUS SYST=MS 


Between 50 and 60 per cent of the whole underground force is enmloyed 
on a contract basis. Practically all raising and the larger vart of drifting 
are done on contract. Some timtering of drifts, practically all tramming, and 
a large nart of the stoping are contracted for. All men thus employed are con- 
tractors in relation to the company and share equally in the contract payment. 


Development work is contracted at so much per foot of advance, tim 
bering per set, tramming per car or ner ton, and stoping per cubic meter. 

The comany furnishes everything excent labor and explosives. Contracts are 
generally made out for no specified amount of work and are paid off and renewed 
each half-month. Even when contracts are given for definite’amounts of work, 
requiring more than two weeks to finish, full payment is made after each 
period for all work completed, and nothing is held back pending completion of 
the work. Informal bonuses are often paid for difficult work, such as comlet— 
ing the last of a long raise. | 


AIMINISTRATIVE ORGANIZATICN 


Under the general mine foreman are four or five mine foremen, one 

at each operating mine. 0m night shift each mine is in charge cf an assistant 
or night foreman. Next in authority are the American shift tosses, uo to five 
or six on a shift at each mine. These men are assigned to definite parts cf 
the mines and are in charge of 211 cperations within their territories, with- 
out regard to kind of work. They are each assisted by from one to five 
Mexican jigzer bosses who are directly in charge of the men. Each jigger boss 
likewise covers a definite territory, such as two or three stopes, or a numter 
of development headings. Their crews range from 10 to 40 men, averaging about 
25. oa ; oe mE tee 
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Tatle 4. —- Summary of costs, Colorada mine, first six months of 1929 1/ 


LAL TT SS ae Le 


Tons 
Rill. Cup and FI siccewswecdas. 204,057 
Horizontal cut and fill ..... » 37,049 
SQUATE-SEt woes reese esseesees ~ 52,220 
SAPIMKARS’ 2. cbuedestiesetenetses 36,354 
OPAL CLS cows Ma ee ee ea ewe ke ec Okeole 
292,25 


i Underground ccsts ver ton of ore produced ...- 


! | Com: | ) | 
| 'Super-' air, | / Bxole ‘Other 
' Laborivision; drills, Power! sives | Timber | sup- Total 
| | and | ! plies 
! | steel | 
! : 
' | 
Levelonment : | | } ! : | 
| 
Drifting and raisirg; | | | ! 
In ore and in rock | .2260!.0396 | .0540 | .0151! .C640 | .0591 |.1032 .5610 
| ! 3 : | 
Mining ..isicsseieeeees | 3748, .1316 | .1503 | .OO71) .2146 | .1979 ae 1.2034 
| 
Transportation ....... i ! | ~ ~ ~O2E8 .164 
| 
General undcervround ... : ~ - {0041 42776 
Surface expense ses Asie iis | | - 7 o4s2 02320 


| 


Totals . | 1,1016!.1712 2736 | .2570 |.3279 2.4410 
\ 


1 Tnese costs exclude mine denartmental exoense, which includes suverintend- 
ence, engineering, samoling, watchmen, time office, etc. 


(a eae: - 38 - 


1.026247 


Table 5. - Summary of costs, Canote mine, first six months of 1929 L/ 


Tons of ore hoisted during the veriod: 142,166 


Mining method: Undercut caving, tov slice, and cut and fill 


Underground costs per ton of ore hoisted 


TE 


Comp. | | 
beta WL ; _ Otner| 
| ‘i “gna. a ee plies! 
i steel 


Development: 


Drifting and raising: 


ee.” tOLOO!!: = | - |.0412 


~O110 


| 
| 
! 
In ore and in rock; .0196| - | .0018 | .0111] .0094 |) .0066|.0100; .0577 
Mining .....e..ceeeee ..{ «2623 |.1188 1023 | 
Transportation ........| .0187] ..- | 20001] .1416] - .0007 1.0404] .2015 
| nee or be 
General underground ... e 4. 0225 
| 


Surface exnense ...... 


~0200} .0995! .1725]|.1187; .&94] 


1/ These costs exclude mine devartmental expense, which includes suverintend- 
ence, enzineering, sampling, watchmen, time office, etc. 
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Tadle 6. -— Summary of costs, Yeta Grande mine, first six months of 1929 L/ 


Sa RRC RENESAS SSE | se Sa A I A EES SE OE ES ER 


Tons of ore hoisted during the veriod: 42,555 


Mining method: Square sat, top slice, andi cut and fill 


ome ee ee oe eo 


. ° Underground costs per ton of ore hoisted 


a 


| . | Com. ! | | | 

| 2 er oore, = | Other 

| Labor :S¥Per-! drills, Power | =XD19~j timber; sup- ' Total 
vision| and | | 

| steel | 


Revelovment: 
Drifting and raisine; |! 


~~ 


sives | plies 
| 
| 
| 


In ore and in rock | .1587! .0194 
Mie «dieu okel wee be | 
Transportation a eee ‘ | .07e1 - sOUre 
General underground ... ; 0465} .O1& 0001! 


Surface exmense ....... | -O900 _— 


21566 | 


i 
' 


t 


1/ These costs exclude mine devartmental exnense,. which includes suverintend- 
ence, engineering, samoling, watchmen, time office, etc. 


. 


(Auras: 2 AOS 


Sislad ASVINVH AOLOW AO4 YOOd NOILVIILNAA— ‘sz ByND 


2UO @HeW 
WV, ASANITAD AV 


OIL 


SSS} 


J ® 
G4 SPS ©. z S 
a : | 
— pup Buyoed sa im 


WAQs 


Mtyyyy 


AWvas SOOG AO NOILVARNS 


“IN N 


ded .v PIS 
| 
a 2 
ee ee Se peers ———$———_==—___ —_ a 
Suc; g- adid cj jo aHeW -&-, 5-6 or | 
4) iUBiam sajUuNn0>D ‘ M 410% 23 : ¢tr ae 
| [}€4 @A0ger 6) - beg ; we ‘hae aaien Aem c— NV. FeapuijAs 
o . : 
© . ‘ ot L= 
te ' ) = “ > 
®, a 5 Pe 7 


SaSAT1 ONiivasdO aAIWA 


Digitized by Google 


I.C.6247 


Table 7. © Summary of costs in units of labor, power, and 


pe eee a ee 


supplies, Colorata minc, first half of llc? 


Tons of ore hoisted: 262,272 


A. Labor (man hours per ton)é 


Br OO CU sree 2's. i's oss seca ee ee wee ee igre ehe eerie OCU 
DIT Der INE 4 .4.seb-0 ced ated Sal ae ee ae ee Scuteckeiabier. reo 
Ap lela bo gee eee ee ree egies spatial aastee ia eecans $e eeu 
Ynulage and Rotating ee ae sl at-shivawatla Leute: aa 
SSSI VAG 1071- vo esnere eG se eee es oan as Saat Ale: Golan Sng Sve weer 
GOROTAL. tessa ee ba ews SS ae eee eT ere ee eee eo 
TOCal VNGeYeround 4.0.6.0 bes Gp bie Mice sharers: eoterese eee Hen eawawae -sOeCLe 
Tons per man-shift underground ...... ee ee eerie rer oie eek 
Surface labor, directly charzeable ......ce-ee  eOol 
Gistripcted: enarce sibs wee owes. coc 
DOUGl SGPTace: gus iae ecw tessa nae ee eee eae pceie aan’ weet anes ‘ » 740 
Tons ver man-shift on surface .......cceene eee te cee LOREL 
TONS, Ger man-=shirt,. total Laver 6 seis se Gee shee se iw mie abe coo 
APU0Y SS DOr -<cent.oFf ‘tOtal COs © 40d cs ew eked bee ae be. “Oe LU 
Be Power and Supplies: 
zZxvlosives (lbs. ner ton, 85% of 40% gclatin 1.37 
15% of 60% eolavia) °° ee 
Timber, Dae. Tis DEY CON! 344.5c0minea ca es ioe te natateey, Sled 
Total electric power, Kw.n., per ton .esesccccescccsece ‘ie west 
WOtOY DAGlare : 64s owe cove hoe eases iewogaw: Ogeoo 
Air compression (nart of air oni). sae OeOro 
POPS GS Ne vee scaieaas ek gi Wha aie ce ne Somes re © e073 
POND INE ets ee 6a SA ei A wel eas Sele deere “Oeste 
VENUCLIAULION: 4 oowacus we ebaneaease oe awreescew Delo 
General anueeeeona: ie laSeeva slew seus io daarew Oecoo 
Otner supvlies in per cent of total sunnlies 
SUC DOWER: 6 atk chen aia G-eoes Stiie wibeag atetneets eG ew eews eee eee OO70L 
Sivnlies and power, ner cent of total cost ........ Sueeee OeLe 


Note: 5.74 ver cent of total cost is for s2veral distributed items such 
as snop overhead, narrow-gace railroad, and samlinz and assayinr, 
in wnich labor and sunmlies could not be satisfactorily senarated. 
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